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ABSTRACT
P a r t  1: C o r r e l a t io n  o f  E le c t r o n ic  E f f e c t s  o f  S u b s t i t u e n t s
WitK N.M.R. £>pectra
S e v e ra l  s e r i e s  o f  compounds i n  d im e th y l  s u l f o x id e  
s o lu t i o n s  have been  s t u d i e s  by n u c le a r  m agnetic  re so n an ce  
s p e c t ro s c o p y .  The d a ta  show d e f i n i t e  c o r r e l a t i o n s  w i th  
e l e c t r o n i c  e f f e c t s .  In  th e  f i r s t  s e r i e s ,  th e  s u b s t i t u t e d  
p h e n o ls ,  t h e  chem ical s h i f t s  f o r  th e  p h e n o l ic  p ro to n s  were 
found to  be s t r o n g l y  dep en d en t on th e  e l e c t r o n i c  n a tu re  
o f th e  s u b s t i t u e n t  and a r e  l i n e a r l y  c o r r e l a t e d  t o  Hammett 
sigma c o n s ta n t s .  A few sigma c o n s ta n ts  a r e  n o t w e l l  c o r ­
r e l a t e d  by th e  chem ica l  s h i f t s .  This n o n - c o r r e l a t i o n  i s  
a t t r i b u t e d  t o  v a r io u s  s o lv e n t  e f f e c t s  p e c u l i a r  t o  d im e th y l  
s u l f o x id e .  This method p r e s e n t s  a c o n v e n ie n t  way o f  
d e te rm in in g  sigma c o n s ta n t s  f o r  new s u b s t i t u e n t s .  In  a 
s i m i l a r  s tu d y  on a s e r i e s  o f  s u b s t i t u t e d  b e n z a ld e h y d e s , 
t h e r e  i s  g e n e r a l  c o r r e l a t i o n  betw een chem ica l s h i f t s  o f  
th e  a ld e h y d ic  p ro to n s  and e l e c t r o n i c  e f f e c t s  o f  th e  su b ­
s t i t u e n t s .  No q u a n t i t a t i v e  c o r r e l a t i o n  e x i s t s ,  however, 
w i th  sigma c o n s t a n t s .  The n . m . r .  s p e c t r a  o f  a s e r i e s  of 
s u b s t i t u t e d  a l c o h o l s  i n  d im e th y l  s u l f o x id e  showed l o s s  o f  
th e  m u l t i p l i c i t y  which had been  o b ta in e d  w i th  u n s u b s t i ­
t u t e d  a l c o h o l s .  This  d i f f e r e n c e  i s  a t t r i b u t e d  t o  th e  
h ig h e r  a c i d i t i e s  o f  th e  h y d ro x y l  p ro to n s  due t o  th e  e l e c t r o  
n e g a t iv e  c h a r a c t e r  o f  th e  s u b s t i t u e n t s .
P a r t  2 : A d d i t io n  R e a c t io n s  o f  c i s , t r a n s - 1 , 5 -C v c lo d ecad ien e
— and c i s -  a n d t r a n s - C y c lo d e c e n e
A d d i t io n s  o f  v a r io u s  r e a g e n t s  t o  c i s , t r a n s - 1 , 5- c y c lo -  
d ecad ien e  and c i s -  and t r a n s -c y c lo d e c e n e  have been  s t u d i e d .
i i i
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Those r e a c t i o n s  which g iv e  normal 1 ,2 - a d d i t i o n  p ro d u c ts  
( e p o x id a t io n ,  m e th y le n a t io n ,  h y d ro b o ra t io n ,  d i im id e  
r e d u c t io n ,  and c a t a l y t i c  h y d ro g e n a t io n )  show a h igh  
s e l e c t i v i t y  f o r  th e  t r a n s  doub le  bond. This h ig h  
s e l e c t i v i t y  i s  a t t r i b u t e d  t o  t h e  r e l a t i v e  freedom o f  th e  
t r a n s i t i o n  s t a t e  from s t e r i c  f a c t o r s  when th e  t r a n s  
r a t h e r  th a n  th e  c i s  double  bond i s  a t t a c k e d .
Three r e a c t i o n s  (b ro m in a t io n ,  o z o n iz a t io n ,  and 
a c e to x y la t i o n )  have been found t o  g ive  p ro d u c ts  formed 
by t r a n s a n n u la r  r e a c t i o n s :  hydrogen m ig ra t io n  a c ro s s  th e
r i n g  i n  th e  case  o f  th e  cy c lo d ecen es  and e l e c t r o n  s h i f t  
i n  th e  case  o f  c i s ,  t r a n s - 1 , 5 -c y c lo d e c a d ie n e . One o f  
th e s e  r e a c t i o n s ,  b ro m in a t io n ,  has been s tu d ie d  e x t e n s iv e ly .  
In  th e  case  o f  c i s . t r a n s - 1 .5 - c y c lo d e c a d ie n e  s tu d y  o f  models 
shows t h a t  th e  s t e r e o c h e m is t r y  o f  th e  p ro d u c t  i s  dependen t 
on th e  co n fo rm a tio n  o f  th e  e th y le n i c  p i  c lo u d s  when th e  
r e a g e n t  makes i t s  i n i t i a l  a t t a c k .  A n a ly s is  o f  th e  r e a c t i o n  
p ro d u c ts  does n o t  r e v e a l  s e l e c t i v i t y  o f  i n i t i a l  a t t a c k  a t  
th e  t r a n s  doub le  bond by bromine o r  le a d  t e t r a a c e t a t e .
i v
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INTRODUCTION
This d i s s e r t a t i o n  i s  d iv id e d  i n t o  two p a r t s .  The f i r s t  
p a r t  d e a l s  w i th  th e  c o r r e l a t i o n  o f  n u c le a r  m agnetic  re so n an ce  
s p e c t r a  w ith  e l e c t r o n i c  e f f e c t s  o f  s u b s t i t u e n t s  i n  t h r e e  
s e r i e s  o f  compounds. The second p a r t  i s  concerned  w i th  th e  
a d d i t i o n  o f  v a r io u s  r e a g e n t s  t o  some medium r i n g  o l e f i n s , 
namely, c i s -  and t r a n s -cy c lo d e c e n e  and c i s , t r a n s - 1 , 5 - c y c lo ­
d e c a d ie n e .  The d ie n e  has r e c e iv e d  m ajor a t t e n t i o n .  The two 
p a r t s  a r e  no t d i r e c t l y  r e l a t e d  i n  any way, b u t  b o th  a r e  con­
cerned  w i th  t h e  g e n e r a l  f i e l d  o f  e l e c t r o n i c  e f f e c t s  and 
p h y s ic a l - o r g a n ic  c h e m is t ry .
In  th e  f i r s t  p a r t  o f  th e  d i s s e r t a t i o n ,  t h e  c o r r e l a t i o n  
o f th e  chem ica l s h i f t s  o f  meta and p a ra  s u b s t i t u t e d  pheno ls  
w ith  Hammett sigma c o n s ta n ts  i s  o f  i n t e r e s t  t o  p h y s ic a l -  
o rg a n ic  c h e m is ts .  I t  p ro v id e s  t h e  b e s t  c o r r e l a t i o n  t o  th e  
Hammett sigma c o n s ta n t s  o b ta in e d  from n .m . r .  d a t a  and i s  a 
c o n v e n ie n t  way of- o b ta in in g  new sigma c o n s ta n t s  w i th  h ig h  
a c c u ra c y .  The chem ica l s h i f t s  o f  th e  a ld e h y d ic  p ro to n s  o f  
a s e r i e s  o f  meta and para  s u b s t i t u t e d  b e n z a ld e h y d e s , 
a l th o u g h  no t w e l l  c o r r e l a t e d  t o  sigma c o n s t a n t s ,  p ro v id e  
i n s i g h t  i n t o  t h e  n a tu r e  o f  th e  ex p e r im e n ts  w i th  th e  su b ­
s t i t u t e d  p h e n o ls .  A p o in t  o f  p ra g m a tic  im portance  t o  th e  
__ o rg a n ic  chem ist i s  t h e  l o s s  o f  m u l t i p l i c i t y  i n  t h e  n .m . r .  
s p e c t r a  o f  some s u b s t i t u t e d  a l c o h o l s  from  th e  r e s u l t s  
o b ta in e d  f o r  u n s u b s t i t u t e d  a l c o h o l s .
In  th e  second p a r t  o f  th e  d i s s e r t a t i o n ,  th e  purpose  o f  
th e  s tu d y  i s  t o  f in d  out more abou t medium r i n g  compounds,
1
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a d d i t i o n  r e a c t i o n s  and t h e i r  m echanisms, and r e a c t i o n  i n t e r ­
m e d ia te s  i n  g e n e r a l .  A cco rd in g ly ,  a d d i t i o n  r e a g e n t s  w i th  
d i f f e r e n t  modes o f a d d i t i o n  were u se d .  The t r a n s  double  
bond i s  s e l e c t i v e l y  a t t a c k e d  i n  t h e  c i s  a d d i t i o n  r e a c t i o n s  
s tu d i e d .  These r e a c t i o n s  a re  e p o x id a t io n ,  m e th y le n a t io n ,  
h y d ro b o ra t io n ,  d i im id e  r e d u c t io n ,  and c a t a l y t i c  h y d ro g e n a t io n .  
The p ro d u c ts  o b ta in e d  i n  th e s e  r e a c t i o n s  a r e  normal 1 ,2 -  
a d d i t i o n  p ro d u c ts .  Three r e a c t i o n s ,  nam ely, b ro m in a t io n ,  
o z o n iz a t io n ,  and a c e to x y la t io n  g iv e  t r a h s a n n u l a r  p ro d u c ts ,  
r e s u l t i n g  from t r a n s a n n u la r  e l e c t r o n  s h i f t  o r  hydrogen 
m ig ra t io n  depending  on th e  o l e f i n  b e in g  u se d .
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PART 1: CORRELATIONS OF ELECTRONIC EFFECTS OF SUBSTITUENTS
WITH N.M.R. SPECTRA
CHAPTER I  
INTRODUCTION
Since t h i s  p a r t  o f  th e  d i s s e r t a t i o n  c o n c e rn s  n . m . r .  
s p e c t r a ,  a b r i e f  e x p la n a t io n  o f  n .m . r .  d a t a  i s  in c lu d e d  
h e r e .^
The n u c le a r  m agnetic  re so n an ce  s p e c t r a  a r i s e  from 
t r a n s i t i o n s  betw een d i f f e r e n t  e n e rg y  s t a t e s  o f  n u c l e i . A 
n e c e s s a ry  r e q u ire m e n t  f o r  an i s o to p e  t o  be m easu rab le  by 
n . m . r .  i s  t h a t  i t  have a s p in  number, IX ) .  Having IX) 
s im p ly  means t h a t  a n u c leu s  has m agnetic  p r o p e r t i e s  and 
th u s  can i n t e r a c t  w i th  e x t e r n a l  m agnetic  f i e l d . The p ro ­
to n  f u l f i l l s  t h i s  re q u ire m e n t w i th  1 = 1 /2 . With 1= 1 /2 , a 
n u c le u s  can assume two s p in  o r i e n t a t i o n s ,  one low er i n  
en ergy  th a n  th e  o th e r  by h-vi When a sample i s  p laced  
between th e  p o le s  o f  a magnet and 2^H0 =hV, where HQ i s  
t h e  s t r e n g t h  o f  th e  e x t e r n a l  m agnetic  f i e l d  and i s  th e  
gyrom agnetic  c o n s ta n t ,  t r a n s i t i o n  can o ccu r  from  th e  low er 
t o  th e  h ig h e r  en e rg y  s t a t e .
I f  th e  t r a n s i t i o n a l ,  o r  r e s o n a n c e ,  f r e q u e n c ie s  f o r  a l l  
p ro to n s  i n  a m olecu le  were th e  same, o n ly  one peak would be 
o b se rv e d ,  and n .m . r .  would be o f  no use  t o  t h e  o rg a n ic  
c h e m is t .  I t s  u s e f u ln e s s  r e s i d e s  i n  th e  f a c t  t h a t  t h i s  
re so n an ce  f re q u e n c y  i s  dependent on t h e  e l e c t r o n i c ,  s t r u c ­
t u r a l  env ironm ent o f  th e  n u c l e u s . The s u r ro u n d in g  e l e c t r o n s  
th e m se lv e s  have m agnetic  p r o p e r t i e s  and th u s  i n t e r a c t  w i th  
t h e  e x t e r n a l  m agne tic  f i e l d ,  l e s s e n i n g  i t s  e f f e c t i v e n e s s  on
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th e  n u c le u s .  The e f f e c t i v e  m agnetic  f i e l d ,  He £ £ =  Hq -< fHq , 
where <tHq  i s  th e  induced f i e l d  due t o  th e  s h i e l d i n g  e l e c ­
t r o n s ,  must e q u a l  f o r  a t r a n s i t i o n  t o  t a k e  p l a c e .
Hence e v e ry  p ro to n  which i s  i n  a  d i f f e r e n t  e l e c t r o n i c ,  
s t r u c t u r a l  environm ent w i l l  have a d i f f e r e n t  re so n an ce  
f re q u e n c y  and w i l l  produce a d i f f e r e n t  peak on th e  s p e c t r o ­
gram. The s e p a r a t i o n  o f  re so n an ce  f r e q u e n c ie s  o f  n u c l e i  i n  
d i f f e r e n t  s t r u c t u r a l  env ironm ents  from some a r b i t r a r y  
s ta n d a rd  i s  term ed th e  "chem ica l s h i f t " .  In  t h i s  p aper  
t e t r a m e t h y l s i l a n e  i s  th e  i n t e r n a l  s t a n d a r d .  The ch em ica l 
s h i f t  i s  measured i n  d e l t a  u n i t s ,  vjhich a re  d im e n s io n le s s . 
D e l ta  i s  d e f in e d  as  (Hr -Hs )/Hr , where Hs  and Hj. a r e  th e  
f i e l d  s t r e n g t h s  c o r re sp o n d in g  t o  re so n an ce  f o r  a p a r t i c u l a r  
n u c le u s  i n  t h e  sample (Hs ) and r e f e r e n c e  s ta n d a rd  (Hj,) .  
T e t r a m e th y ls i l a n e  (TMS) p o s se s se s  v e ry  h ig h ly  s h ie ld e d  p ro ­
t o n s .  When TMS i s  used as an i n t e r n a l  s t a n d a r d ,  th e  l e s s  
e l e c t r o n  s h i e l d i n g  a  p ro to n  e x p e r ie n c e s  th e  l a r g e r  i s  i t s  
c h em ica l s h i f t .  Thus th e  chem ica l s h i f t  o f  - (L oh  i s  g r e a t ­
e r  th a n  -$-H , ivhich i s  g r e a t e r  th a n  -C-OH, g r e a t e r  th a n  
-CH9- , g r e a t e r  th a n  -CH3 , g r e a t e r  t h a n  TMS which i s  z e ro  by 
d e f i n i t i o n .
A nother phenomenon o f  n .m . r .  i s  t h a t  th e  s i n g l e  peak 
w hich i s  due t o  p ro to n s  i n  th e  same e l e c t r o n i c  env ironm ent 
i s  sometimes s p l i t  i n t o  m u l t i p l e t s . The sp ec tru m  o f  e th a n o l  
i s  u s u a l l y  used a s  an i l l u s t r a t i v e  exam ple. There a r e  
t h r e e  s e t s  o f  e q u iv a le n t  p ro to n s  i n  e t h a n o l ,  CH^-CHg-OH: 
th e  t h r e e  m ethy l ( 1 .1 7 5 ) ,  th e  tnro m ethylene  (3 .625’) ,  and 
th e  hydroxy ( 5 . 325 ) -  T h is  v a lu e  f o r  t h e  hydroxy p ro to n  i s
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f o r  a c i d i f i e d  e t h a n o l .  With a c id  p r e s e n t  t h e  m ethy l peak i s  
s p l i t  i n t o  a t r i p l e t , th e  m ethy lene  i s  a q u a r t e t , and th e  
hydroxy i s  a s i n g l e t .  With h i g h l y  p u r i f i e d  e t h a n o l ,  th e  
m ethyl peak rem ains  a t r i p l e t ,  t h e  m ethy lene q u a r t e t  i s  s p l i t  
i n t o  an o c t e t  and th e  hydroxy s i n g l e t  becomes a t r i p l e t  
( 5 . 2 &G). E x p la in in g  th e s e  f a c t s  w i l l  a cco u n t  f o r  m u l t i ­
p l i c i t y  and i t s  d i s a p p e a ra n c e .
M u lt ip le  a b s o r p t io n  i s  due t o  i n t e r a c t i o n  be tw een  p ro ­
to n s  on a d ja c e n t  a to m s .  Each p ro to n  may have e i t h e r  o f  two 
s p in  v a lu e s .  C o n s id e r in g  a l l  t h e  co m bina tions  o f  th e  
d i f f e r e n t  ty p e s  o f  s p i n  a rra n g e m e n ts  o f  th e  p ro to n s  on th e  
a d ja c e n t  atoms e x p l a i n s  what m u l t i p l e t  w i l l  a p p e a r  and th e  
r e l a t i v e  h e ig h t s  o f  e a c h  p eak . G e n e ra l ly ,  i f  t h e r e  a r e  
"n" e q u iv a le n t  p ro to n s  on a d j a c e n t  c a rb o n s ,  th e  p ro to n  peak 
w i l l  be s p l i t  i n t o  "n+1 " p e a k s ,  t h e  peak h e ig h t s  b e in g  
eq u a l  t o  th e  b in o m ia l  c o e f f i c i e n t s  o f  t h e  " n th "  o r d e r .
Thus th e  m ethyl peak i s  s p l i t  i n t o  t h r e e  peaks w i th  r e l a t i v e  
h e ig h t s  1 , 2 , 1  because  th e  a d j a c e n t  ca rbon  has two e q u iv a le n t  
p r o to n s .
The r e a s o n  th e  m u l t i p l i c i t i e s  o f  t h e  m ethy lene  p ro to n s  
and th e  hydroxy p r o to n  a r e  d i f f e r e n t  when a c id  i s  p r e s e n t  i s  
t h a t  th e  hydroxy-m ethy lene  i n t e r a c t i o n  i s  n o t  o b s e rv e d .  This 
l o s s  o f  m u l t i p l i c i t y  i s  a t t r i b u t e d  t o  a r a p id  "ch em ica l  
exchange" . Chemical exchange i s  a te rm  used t o  d e s c r i b e  th e  
f a c t  t h a t  i n  a g iv e n  p e r io d  o f  t im e  a s i n g l e  p r o to n  may be 
a t t a c h e d  t o  a number o f  d i f f e r e n t  e th o x y  g ro u p s .  In  a g iv e n  
p e r io d  o f  t im e ,  i f  c h e m ic a l  exchange i s  r a p id  enough, a 
p a r t i c u l a r  p ro to n  w i l l  be a t t a c h e d  t o  many d i f f e r e n t  e th o x y
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g ro u p s ,  and th e  s p in  o r i e n t a t i o n s  o f  th e  m ethy lene  p ro to n s  
t h a t  t h e  hydroxy p ro to n  would o th e rw ise  e x p e r ie n c e  w i l l  be 
averaged  i n t o  one peak . The m ethylene p ro to n s  l ik e w is e  
av erag e  th e  s p in  o r i e n t a t i o n s  on t h e  hydroxy p ro to n s  t h a t  
become a t ta c h e d  t o  i t , and th e  m ethy lene a b s o r p t io n  rem ains  
a q u a r t e t .
Dim ethyl s u l f o x id e  c au ses  th e  a c i d i c  p ro to n s  of i n t e r e s t  
i n  t h i s  p aper  t o  have a l a r g e r  chem ica l s h i f t  tjhan th e y  have 
i n  u s u a l  s o lv e n t s  o r  i n  th e  pure  s t a t e .  I t  a l s o  cau ses  
m u l t i p l i c i t y  t o  be observed  i n  m o lecu le s  where i t  i s  no t 
observed  under u s u a l  c o n d i t i o n s .  How a r e  t h e s e  s o lv e n t  
p r o p e r t i e s  e x p la in e d ?  Dimethyl s u l f o x id e  i s  a  v e ry  good 
hydrogen bonding m o le c u le ,  and hydrogen bonding  produces  
th e  l a r g e  chem ica l s h i f t s  and slow s down ch em ica l exchange, 
b r in g in g  back unobserved  m u l t i p l i c i t y .  Hydrogen bonding 
cau ses  a l a r g e  chem ica l s h i f t  because  i t  c a u se s  t h e  p ro to n  
t o  be f u r t h e r  removed from t h e  e l e c t r o n s  bonding  i t  t o  th e  
p a re n t  m o le c u le .  I t  i s  t r u e  t h a t  t h e  e l e c t r o n s  o f  th e  
d im e th y l  s u l f o x id e  come i n t o  th e  ne ighborhood  o f  th e  
b r id g in g  p ro to n ,  b u t  a l l  o f  t h e  e n v iro n m e n ta l  e l e c t r o n s  a r e  
f u r t h e r  from i t  th a n  th e  o r i g i n a l  bonding  e l e c t r o n s .  The 
p ro x im i ty  o f  t h e  e l e c t r o n s ,  r a t h e r  th a n  t h e  number i s  most 
im p o r ta n t  as  f a r  a s  t h e  chem ica l s h i f t  i s  co n cern ed .
As w i l l  be s e e n ,  d im e th y l  s u l f o x id e  p la y s  a d i f f e r e n t  
r o l e  i n  each  o f  t h e  s e r i e s  o f  compounds s t u d i e d : s u b s t i t u t e d
p h e n o ls ,  s u b s t i t u t e d  b e n z a ld e h y d e s , and s u b s t i t u t e d  a l c o h o l s .
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CHAPTER I I
SUBSTITUTED PHENOLS 
A" A c id i ty  o f  Phenols
P heno ls  a r e  much more a c i d i c  th a n  a l c o h o l s .  The Ka ’s 
o f  phen o ls  a r e  about 1 0 ' ^ ,  whereas th e  Ka ' s  f o r  a l c o h o ls
•j Z  —i  d
a r e  i n  t h e  ne ighborhood o f  10 t o  10 . This  enhanced
a c i d i t y  o f  p h en o ls  can be e x p la in e d  by s tu d y in g  th e  s t r u c ­
t u r e s  o f  th e  i o n i z a t i o n  p ro d u c ts  o f  p h e n o ls ,  th e  phenoxide 
i o n s .  The phenoxide io n  i s  s t a b i l i z e d  by re so n a n c e  s t r u c t u r e s  
such  as  I I - I V .  Phenol i t s e l f  i s  o n ly  s l i g h t l y  s t a b i l i z e d  
by re so n a n c e  form s such  as  V. The a c i d i t y  o f  p heno ls  i s
I  I I  I I I  IV V
even f u r t h e r  in c r e a s e d  by th e  p re se n c e  o f  e l e c t r o n - w i t h ­
draw ing s u b s t i t u e n t s  a t  th e  meta and p a ra  p o s i t i o n s  o f  th e  
benzene r i n g .  And t h e  a c i d i t y  d e c re a s e s  w i th  e l e c t r o n -  
r e l e a s i n g  s u b s t i t u e n t s .  This  change i n  a c i d i t y  i s  due t o  
th e  e f f e c t  o f  t h e s e  s u b s t i t u e n t s  on th e  phenoxide io n .
These e f f e c t s  a r e  known t o  be tw o fo ld ,  i n d u c t iv e  and meso- 
m e r i c . To a l a r g e  e x te n t  th e  same e f f e c t s  i n f lu e n c e  th e  
d a t a  i n  t h i s  ex p er im en t and th e  i o n i z a t i o n  o f  p h e n o ls .
B. R e s u l t s
In  t h i s  n .m . r .  s p e c t r a l  s tu d y  o f  a s e r i e s  o f . s u b s t i ­
t u t e d  p h en o ls  i n  d im e th y l  s u l f o x id e  (DMSO), th e  chem ica l 
s h i f t s  o f  p h e n o l ic  p ro to n s  have been found t o  be s t r o n g l y
7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
dependent on t h e  n a tu r e  o f  th e  s u b s t i t u e n t  and a r e  l i n e a r l y  
c o r r e l a t e d  t o  Hammett sigma c o n s t a n t s .  S u b s t i t u e n t s  w ith  
s t r o n g  e le c t ro n -w i th d ra w in g  re so n an ce  c h a r a c t e r  behave i n  
a manner i n t e r m e d ia te  betw een t h a t  p r e d ic te d  by cr and by 
<y-. D e v ia t io n s  a r e  a l s o  o b ta in e d  f o r  s u b s t i t u e n t s  which 
undergo a s o lv e n t  e f f e c t  t h a t  i s  n o t  e n c o u n te red  w i th  th e  
u s u a l  c o n d i t io n s  o f o b ta in in g  sigma c o n s ta n t s .
C. Hammett *s Sigma-Rho R e la t io n s h ip
What a r e  Hammett sigma c o n s ta n t s  and why a r e  th e y  
im p o r ta n t?  A s h o r t  s e c t i o n  on th e  Hammett e q u a t io n  w i l l  
answer t h i s  q u e s t io n .  The Hammett e q u a t io n  r e l a t e s  s t r u c ­
t u r e  and th e  r e a c t i v i t y  i n  th e  s id e  c h a in  r e a c t i o n s  o f  meta 
and p a ra  s u b s t i t u t e d  benzene d e r i v a t i v e s ;  log(K/Kg 
where K and K q  a r e  th e  e q u i l ib r iu m  o r  r a t e  c o n s ta n t s  f o r  
th e  s u b s t i t u t e d  and u n s u b s t i t u t e d  benzene d e r i v a t i v e s  
r e s p e c t i v e l y ,  <r i s  a c o n s ta n t  r e l a t e d  o n ly  to  th e  s u b s t i ­
t u e n t  and i s  a c o n s ta n t  m easuring  th e  s u s c e p t i b i l i t y  o f  
a p a r t i c u l a r  r e a c t i o n  t o  s u b s t i t u e n t  e f f e c t s .  By d e f i n ­
i t i o n ,  O’ =logK-logKQ, where K and Kq a r e  th e  i o n i z a t i o n  
c o n s ta n t s  o f  t h e  b en zo ic  a c id s  i n  w a te r  a t  25°. Rho i s  
t h e r e f o r e  d e f in e d  as u n i t y  f o r  t h i s  r e a c t i o n .  Sigma f o r  
hydrogen i s  z e ro  s in c e  logK0 -  logK0 = 0 .  Thus, sigma i s ,  
by d e f i n i t i o n  a measure o f  t h e  e f f e c t  o f  a s u b s t i t u e n t  
( d i f f e r e n t  i n  th e  meta and p a ra  p o s i t i o n s )  r e l a t i v e  t o  
hydrogen on th e  i o n i z a t i o n  o f  ben zo ic  a c i d .  I n  t h i s  i o n ­
i z a t i o n  th e  s u b s t i t u e n t  e f f e c t s  a re  m a in ly  i n d u c t i v e , and 
th e  Hammett t r e a tm e n t  would be expec ted  t o  work b e s t  f o r  
th o s e  r e a c t i o n s  w hich a l s o  in v o lv e  m ain ly  in d u c t iv e  e f f e c t s .
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The i o n i z a t i o n  o f  p h e n o ls ,  however, i s  g r e a t l y  enhanced by 
th e  reso n an ce  e f f e c t  o f  p a ra  e le c t ro n -w i th d ra w in g  g ro u p s ,  
th ro u g h  th e  s t a b i l i z a t i o n  o f  th e  phenoxide i o n .  This  i s  
i l l u s t r a t e d  below f o r  th e  c a se  o f th e  n i t r o  g ro u p .  For 
r e a c t i o n s  such  as t h e s e ,  a d i f f e r e n t  s u b s t i t u e n t  c o n s ta n t
•3
has been p ro p o sed , <T , f o r  s t r o n g  p ara  e l e c t r o n -w i th d r a w in g
reso n an ce  s u b s t i t u e n t s .  Many o th e r  sigma c o n s ta n t s  have
been proposed f o r  v a ry in g  s i t u a t i o n s . 3 The o n ly  o th e r  sigma
to  be used in  t h i s  s tu d y  i s  th e  O’f? c o n s ta n t^  w hich i s  aK
measure o f  th e  re so n a n c e  e l e c t r o n i c  e f f e c t  o f  a s u b s t i t u e n t  
as d i s t i n c t  from th e  i n d u c t iv e  e f f e c t .  The <f “ c o n s ta n t s  do 
not come from a d e f i n in g  r e a c t i o n ,  b u t  v a lu e s  a r e  t a k e n  t h a t  
b e s t  f i t  a l l  r e a c t i o n s  f o r  which t h e y  a r e  u se d .  More w i l l  
be s a id  abou t when i t  i s  d is c u s s e d  l a t e r .
What about t h e  purpose o f  Hammett r e l a t i o n s h i p s ?  F i r s t  
o f  a l l ,  i t  p e rm its  th e  c o r r e l a t i o n  o f  a v a s t  body o f  d a t a .
I t  i s  n o rm a lly  used t o  o b t a in  sigma v a lu e s  f o r  new s u b s t i ­
t u e n t  g roups  and rh o  v a lu e s  f o r  new r e a c t i o n s .  These p a r a ­
m ete rs  a re  th e n  u s e f u l  i n  g iv in g  in fo r m a t io n  c o n c e rn in g  th e  
e l e c t r o n i c  c h a r a c t e r i s t i c s  o f  s u b s t i t u e n t s  and th e  e l e c t r o n  
demand o f  r e a c t i o n s .
D. E x p e rim e n ta l  C o n d itio n s
The s p e c t r a  o f  th e  s u b s t i t u t e d  p h en o ls  were o b ta in e d
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f o r  d im e th y l  s u l f o x id e  s o l u t i o n s  a p p ro x im a te ly  5-20% i n  
phenol w i th  a V arian  A s s o c ia te s  HA-60 s p e c t ro m e te r .  The 
s o l i d  p heno ls  were i n  t h e  5 -1 0  w eigh t % range  and th e  l i q u i d  
pheno ls  were a p p ro x im a te ly  10 volume %>. The chem ica l  s h i f t s  
of th e  p h e n o l ic  p ro to n s  o f  pheno l and m -f lu o ro p h e n o l  were 
i d e n t i c a l  f o r  10$ and 20$ s o l u t i o n s ,  i n d i c a t i n g  t h a t  t h e r e  
i s  no c o n c e n t r a t io n  dependency o f  th e  chem ica l s h i f t s .  The 
age o f  t h e  s o l u t i o n  does  n o t a f f e c t  t h e  ch em ica l s h i f t .  
However, w ith  t h e  s t r o n g  e le c t r o n -w i th d r a w in g  groups jd-CHO 
and £-N0 2 , th e  p h e n o l ic  p ro to n  peaks sp re a d  over two t o  
fo u r  d e l t a  u n i t s  when o ld  s o l u t i o n s  were u se d .  In  o rd e r  t o  
be c e r t a i n  o f t h e  c e n t e r  o f  g r a v i t y  o f  th e  p e a k s , f r e s h l y  
p rep ared  s o l u t i o n s  had t o  be u s e d . Table  1 c o n ta in s  th e  
chem ical s h i f t  d a t a  o f  t h e  p h e n o l ic  p r o to n s ,  w i th  t h e  com­
pounds l i s t e d  i n  d e c r e a s in g  o rd e r  o f ch em ica l s h i f t .  In  
th e  column o f  sigma v a lu e s  a r e  u n d e s ig n a te d ,  and <F“ and 2 *̂ 
a re  used t o  d e s ig n a te  t h e s e  v a lu e s  when l i s t e d . For t h e  
p o in t s  t h a t  d e v i a t e  from  t h e  c o r r e l a t i o n  l i n e  th e  v a lu e s  
c a lc u a te d  from th e  s lo p e  o f  t h e  l i n e  a r e  in c lu d e d  and a r e  
d e s ig n a te d  <Tj-.
E. Role o f  D im ethyl S u lfo x id e  (DMSO)
I t  shou ld  be p o in te d  o u t  t h a t  d im e th y l  s u l f o x id e  f a v o r s  
r e p ro d u c ib le  and m ean in g fu l  d a ta  i n  two ways. F i r s t l y ,  i t  
p roduces a  l a r g e  ch em ica l s h i f t  which i s  q u i t e  s u s c e p t i b l e  
t o  s u b s t i t u e n t  e f f e c t s .  For i n s t a n c e ,  i n  a 10$ s o l u t i o n  
o f  phenol i n  ca rb o n  t e t r a c h l o r i d e , th e  p h e n o l ic  p ro to n  
chem ical s h i f t  i s  -6 .4 5  p . p . m . ,  w hereas i n  DMSO i t  i s  
-9*32 p .p .m . As p o in te d  o u t  i n  th e  i n t r o d u c t i o n  i t  i s  th e
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TABLE I
Chemical S h i f t s  o f  Meta and P ara  S u b s t i t u t e d  Phenols
S u b s t i t u e n t  Chemical S h i f t -5 Sigma Values^ Chemical S h i f t
Tppm) R e la t iv e ’ tol f t f i enol
£-N02 -1 0 .9 8  c r - 1 .270  1 .66
.778 
<rr 1.128Q
£-CH0 -1 0 .5 4  0 " 1 . 1 2 6  1 .32
.216 
. 900
m-N02 -1 0 .3 4  .710 1 .02
m-Cl -9 .8 4  .373 .52
m-F -9 .8 4  .337 .52
£ -1  -9 .6 6  .2767 .34
£ -B r  -9 .6 6  .232 .34
£ -01  -9 .6 2  .227 .30
4-C l,3-CH 3 - 9 .5 0  .174 .18
jgcr . 158
P ' c6H5 - 9 .4 4  .009 .12
0— .16
<Tj .102
£ -F  -9 .3 6  .062 .04
H - 9 - 3 2  0 .00
m-CH3 - 9 .1 6  - .0 6 9  - .1 4
£-CH3 - 9 . 0 4  - .1 7 0  - .2 8
m-OH -9 .0 2  - .0 0 2  - .3 0
- .1 8 0
3 , 5-diOH -9 .0 0  .162 - .3 2
i r - . 0 0 4
C T ,- .1 9 3
3,4-d iCH 3 - 8 .9 8  - .2 2 9  - . 3 4
4lG -  .24
£ - t - a m y l  - 8 .9 6  - .1 9 0  - . 3 6
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TABLE I  ( c o n t ’d)
S u b s t i t u e n t  Chemical S h i f t  Sigma Values Chemical S h i f t
(ppml R e la t iv e  t o  Pfienol
jg-OCH3 - S . 76 t .268
0 5 - 3 5 3
- . 5 6
£-0H" - 8 .50 - .3 5 7
- .5 2 7
- . 8 2
j j - o c t y l  -9 .0 2 - . 3 0
jo-nonyl -9 -02 - . 3 0
m -benzoyloxy -9 -7 8 ,329 .46
jg - to lu e n e -  -9*58 
s u lfo n y lo x y <r*
.26
m -acetoxy .39+ . l 8
_g-acetoxy . 3 i i  . i s
TABLE 2
Chemical S h i f t s  o f  Some Im p o r ta n t  N on-phenolic  P ro to n s
P ro to n  Type Chemical S h i f t
I ppml
HCCl^ DMSO
£ - t - a m y l  C-H3 - 1 .2 4 -1 .2 0
^ -m e th y l  C-H^ -2 .2 4 r.2 a  20
m-methyl C-H^ -2 .2 6 -2 .2 2
£-m ethoxy C-H^ -3 .7 8 -3 • 66
n u c le a r  p ro to n -6 .94 . - 6 . 94 '
/i
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TABLE 3
Chemical S h i f t s  o f  Ortho S u b s t i t u t e d  Phenols
o s t i t u e n t Chemical S h i f t Sigma
or*
Values Chemical S h i f t  
R e la t iv e  t o  Phenol
o-Br -10 .14 .36 .568 .82
o-C l -9 .9 6 .37 .446 . 64
o-C6 H5 -9 .3 6 .60 .061 .06
H -9 .32 .490 .00
°*CH3 -9 .1 4 .00 -.1 00 - .1 8
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s t r o n g  hydrogen bonding a b i l i t y  o f  th e  DMSO t h a t  i s  r e s p o n ­
s i b l e  f o r  t h i s  l a r g e  chem ica l s h i f t .  S econd ly  DMSO m in i ­
m izes th e  dependence o f  th e  chem ica l s h i f t  on c o n c e n t r a t i o n .  
A lthough i n  ca rbon  t e t r a c h l o r i d e  t h e  ch em ica l s h i f t  o f  th e  
p h e n o l ic  p ro to n  v a r i e s  from - 5-95 t o  - 6 .7 5  p .p .m . i n  th e
5- 20$ ran g e  (-4*37 t o  -7 .4 5  p .p .m . i n  t h e  1 - 100$ range),'*'® 
i n  DMSO t h e r e  i s  no c o n c e n t r a t io n  dependence i n  t h e  5 -20$  
r a n g e .  This  non-dependence on c o n c e n t r a t i o n  i s  a l s o  due 
t o  t h e  hydrogen bonding  a b i l i t y  o f  th e  DMSO. In  carbon  
t e t r a c h l o r i d e  s o l u t i o n s  th e  c o n c e n t r a t i o n  dependence i s  due 
t o  th e  v a ry in g  amounts o f  in t e r m o le c u la r  hydrogen bonding  
w i th  v a ry in g  c o n c e n t r a t i o n s .  In  DMSO, t h e  s o lv e n t  i t s e l f  
i s  such  a good hydrogen bonding a g e n t  t h a t  t h e r e  i s  no 
i n t e r m o le c u la r  hydrogen bonding beti^een two p h eno l m o le c u le s .  
Perhaps i t  i s  more c o r r e c t  t o  say  t h a t  i n t e r m o l e c u l a r  hyd ro ­
gen bonding has no o b s e rv a b ly  d i f f e r e n t  e f f e c t  on t h e  phe­
n o l i c  p ro to n  chem ica l s h i f t  th a n  th e  DMSO hydrogen b o nd ing . 
T his  l a c k  o f  c o n c e n t r a t i o n  dependence e l i m i n a t e s  e r r o r s  due 
t o  sample p r e p a r a t i o n .
F. R e la ted  Work
The s u r p r i s i n g l y  good c o r r e l a t i o n  betw een th e  chem ica l 
s h i f t  o f  s u b s t i t u t e d  f lu o ro b e n z e n e s  and Hammett’s sigma 
c o n s ta n t s  p lu s  th e  f a c t  t h a t  DMSO s t r o n g l y  hydrogen  bonds 
t o  a l c o h o l i c  p r o t o n s , ^  i ed t o  th e  i n c e p t i o n  o f  t h i s  s tu d y  
o f  s u b s t i t u t e d  p h en o ls  i n  DMSO:
When one l i n e  i s  drawn t o  c o r r e l a t e  t h e  s u b s t i t u t e d  
f lu o ro b e n z e n e  d a t a ,  o n ly  a f a i r  c o r r e l a t i o n  i s  o b ta in e d ,  
w i th  th e  p o in t s  s c a t t e r e d  abou t t h e  l i n e . A b e t t e r
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c o r r e l a t i o n  i s  o b ta in e d  when d i f f e r e n t  l i n e s  a r e  used  f o r  
th e  meta and f o r  th e  p a ra  s u b s t i t u e n t s .  No r e a s o n  i s  
g iv e n  i n  t h e  p a p e r  why t h i s  shou ld  be s o .  However t h e r e  
i s  a m a th e m a tic a l  ex a m in a tio n  o f th e  Hammett r e l a t i o n s h i p  
which shows t h a t  i n  c e r t a i n  c a se s  s e p a r a t e  l i n e s  shou ld  
be needed f o r  meta and f o r  p a ra  s u b s t i t u e n t s .
Hammett sigma v a lu e s  i n  g e n e r a l  c o r r e l a t e  two ty p e s  
o f  d a t a ,  e q u i l ib r iu m  d a t a  and r e a c t i o n  r a t e  d a t a .  The 
d e f in in g  e q u a t io n  i s  f o r  an i o n i z a t i o n  e q u i l ib r iu m .  But 
i t  has been found t h a t  r e a c t i o n  r a t e  d a t a  a r e  e q u a l ly  w e l l  
c o r r e l a t e d .  In  t h e  d e f in in g  r e a c t i o n  sigma c o n s ta n t s  a r e  
a measure o f  e l e c t r o n i c  e f f e c t s  i n  th e  s t a b i l i z a t i o n  o r 
d e s t a b i l i z a t i o n  o f  th e  b en zo a te  i o n  r e l a t i v e  t o  benzo ic  
a c i d .  In  r e a c t i o n  r a t e  t r e a tm e n t s  t h e  r e l a t i v e  e f f e c t  on 
th e  s t a b i l i t i e s  o f  th e  t r a n s i t i o n  s t a t e  i s  b e in g  m easured . 
The e l e c t r o n i c  e f f e c t  o f  s u b s t i t u e n t s  would be expec ted  t o  
be c a l l e d  i n t o  p la y  much more i n  t h e  s t a b i l i z a t i o n  o r  
d e s t a b i l i z a t i o n  o f  th e  b en zo a te  io n  th a n  o f  th e  ben zo ic  
-  a c i d .  S t a b i l i z a t i o n  o f  t r a n s i t i o n  s t a t e s ,  l i k e w i s e ,  i s  
a more im p o r ta n t  f a c t o r  th a n  s t a b i l i z a t i o n  o f  ground s t a t e s
In  th e  measurement o f  t h e  ch em ica l s h i f t s  o f  th e  
s u b s t i t u t e d  f lu o ro b e n z e n e s  t h e  ground s t a t e  i s  o b se rv e d ,  
w hereas sigma i s  e v a lu a te d  from  r a t e  and e q u i l ib r iu m  d a ta  
and th u s  depends upon th e  s u b s t i t u e n t  e f f e c t  on th e  t r a n ­
s i t i o n  s t a t e  o r  i o n i c  s p e c i e s .
T h is  f a c t o r  m ight a l s o  be t h e  r e a s o n  t h a t  two l i n e s  
do a  b e t t e r  jo b  o f  c o r r e l a t i n g  th e  d a t a .  S ince  e l e c t r o n i c
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e f f e c t s  a re  g r e a t e r  i n  th e  p a ra  p o s i t i o n ,  chem ica l s h i f t s  
o f  th e  m eta- s u b s t i t u t e d  f lu o ro b e n z e n e s  should  be b e t t e r  
c o r r e l a t e d  t o  sigma c o n s ta n t s  th a n  would be th e  chem ica l 
s h i f t s  o f  th e  p a ra - s u b s t i t u t e d  f lu o ro b e n z e n e s .  This hypo­
t h e s i s  i s  su p p o rted  by th e  f a c t  t h a t  th e  meta c o r r e l a t i o n  
l i n e  goes th ro u g h  th e  o r i g i n  and th e  p ara  l i n e  does n o t .
G. S t a t i s t i c a l  Treatm ent o f  Data
Whatever th e  r e a s o n  f o r  t h e  l i n e s  needed t o  c o r r e l a t e  
th e  s u b s t i t u t e d  f lu o ro b e n z e n e  d a t a ,  F ig u re  1 c l e a r l y  shows 
t h a t  o n ly  one l i n e  i s  needed t o  c o r r e l a t e  th e  d a ta  w i th  
th e  s u b s t i t u t e d  p h e n o ls .  Except f o r  c e r t a i n  d e v i a t i o n s  
which w i l l  be d e a l t  w i th  l a t e r ,  i t  i s  a v e ry  good c o r r e l ­
a t i o n .  The c o r r e l a t i o n  l i n e  i n  F ig u re  1 i s  o b ta in e d  by a 
s t a t i s t i c a l  t r e a tm e n t  o f  t h e  tw e lv e  w e l l - c o r r e l a t e d  p o i n t s .  
The £ - io d o  s u b s t i t u e n t ,  a l th o u g h  w e l l - c o r r e l a t e d ,  i s  no t 
in c lu d e d  i n  th e  s t a t i s t i c a l  s tu d y  because  j>-iodophenol was 
not o b ta in e d  u n t i l  j u s t  b e fo re  t h i s  w r i t i n g .  The c a l c u ­
l a t i o n s  were done w i th  an IBM Model 1620 com puter. The 
’’norm al” r e g r e s s i o n  model has been adopted  f o r  t h i s  
s t a t i s t i c a l  s t u d y . T h i s  model i s  a good one s in c e  th e  
assum ptions  made a r e  r e a s o n a b le :  (1 ) th e  ch em ica l s h i f t s
o f  th e  d i f f e r e n t  compounds a r e  in d e p e n d e n t ,  (2 ) th e y  a l l  
have th e  same s ta n d a rd  d e v i a t i o n ,  (3 ) each  has a ’’normal.” 
d i s t r i b u t i o n ,  and (4 ) t h e r e  a r e  c o n s ta n ts  ^  and jS such  
t h a t  E(&L)=^<Si+$ where i = l , . . .  , 1 2 , and E f ^ )  i s  th e  
e x p e .c ta t io n  o f . Maximum l i k e l ih o o d  e s t im a te s  
o f  th e  unknown p a ra m e te rs  s ,p , and ^  have been computed, 
and s = 0 .0232, =1 . 4 9 6 , ^ = - 0 . 0 3 1 7 . ”s "  i s  t h e  s ta n d a rd
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
FIGURE 1
P lo t  o f  Chemical S h i f t s  o f  P h e n o lic  P ro to n s  o f  Meta and 
Para  S u b s t i t u t e d  Phenols  R e la t iv e  t o  th e  Chemical S h i f t  
o f  Phenol Versus Sigma C o n s ta n ts .
Slope p  = 1 .496 
I n t e r c e p t  /9 = .0317
1 . 2
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d e v i a t i o n .  The c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .9 9 7 .  The 
a r i t h m e t i c  av e rag e  d i f f e r e n c e  o f  sigma v a lu e s  from  t h e  l i n e  
i s  ± 0 .016  which i s  w e l l  w i th in  th e  s ta n d a rd  d e v i a t i o n  o f  
sigma v a lu e s  o b ta in e d  by o th e r  m ethods, which i s  ± 0 .0 3 .
The r e a s o n  a "norm al” r e g r e s s i o n  model was used r a t h e r  th a n  
a l e a s t  s q u a re s  f i t  o f  th e  d a t a  i s  t h a t  a co n f id en ce  i n t e r ­
v a l  can be de te rm in ed  f o r  r h o .  The r e g r e s s i o n  l i n e s  from 
th e  two methods a re  e s s e n t i a l l y  i d e n t i c a l .
P erfo rm ing  a t ~ t e s t  on rh o  a t  th e  90$ co n f id en ce  
l e v e l  g iv e s  1 . 45</><1 .5 4  and p e rfo rm in g  a c h i - s q u a r e  t e s t  
on th e  s ta n d a rd  d e v i a t i o n  a t  th e  90$ l e v e l  g iv e s  . 0245<s 
< .0444 . The s i g n i f i c a n c e  o f  t h e s e  t e s t s  i s  as f o l lo w s .
The. f a c t  t h a t  1 .4 5 < / )<1.54  a t  th e  90$ co n f id en ce  l e v e l  
means t h a t  g iv e n  d a t a  such  as  th o se  o b ta in e d  i n  t h i s  
ex p e r im e n t ,  n in e ty  t im e s  o u t o f  a hundred th e  t r u e  v a lu e  
o f  rho  w i l l  be between 1.45 and 1 .5 4 .  This  i s  q u i t e  a 
narroxv r e g io n ,  which r e i n f o r c e s  th e  good c o r r e l a t i o n  
c o e f f i c i e n t  and th e  good s ta n d a rd  d e v i a t i o n  o b ta in e d .
The e q u a t io n  o f  th e  "norm al" r e g r e s s i o n  l i n e  i s
0* = 0.667<f + 0 .0 2 1 2 .
At th e  end o f  th e  s e c t i o n  on s u b s t i t u t e d  p h en o ls  t h e r e  
i s  a c a l c u l a t i o n  append ix  d e f i n in g  th e  v a r io u s  s t a t i s t i c a l  
te rm s  used i n  t h i s  s t a t i s t i c a l  t r e a tm e n t .
The e q u a t io n s  o b ta in e d  f o r  th e  c o r r e l a t i o n  l i n e s  o f  
th e  s u b s t i t u t e d  f lu o ro b e n z e n e s  a r e  a s  f o l l o w s : - ^  (1 ) f o r  
one l i n e  c o r r e l a t i n g  a l l  th e  d a t a  p o i n t s ,  0"= . 6 0 0 <f + . 2 4 3 , 
w i th  a r e s i d u a l  sum o f  2 . 3 8 , ( 2 ) f o r  two l i n e s ,  one f o r  
meta p o in t s  and one f o r  p a ra  p o i n t s ,  <rm = 1 . 69<Tmf anc}
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<rp = . 560 p+ .271 , w i th  r e s i d u a l  sums .2 6  and .71 r e s p e c ­
t i v e l y .
H. S ig n i f i c a n c e  o f  Data
What, th e n ,  i s  r e s p o n s ib le  f o r  su ch  a  good c o r r e l a t i o n
i n  t h i s  experim en t w ith  th e  s u b s t i t u t e d  p h e n o ls?  I t  i s  no t
a m a t te r  o f  b e t t e r  d a ta  b e in g  t a k e n ,  b u t  r a t h e r  a m a t te r
o f  more s i g n i f i c a n t  d a t a .  For th e  f a c t o r  t h a t  makes th e s e
d a ta  so  s i g n i f i c a n t ,  we can a g a in  t u r n  t o  th e  s o l v e n t ,
DMSO. Remembering t h a t  DMSO i s  a s t r o n g  hydrogen  bonding
a g e n t ,  we can c l e a r l y  make th e  s ta te m e n t  t h a t  t h e  o r d in a r y
ground s t a t e s  o f  th e  s u b s t i t u t e d  p h en o ls  a r e  n o t  b e in g
examined. The ground s t a t e  o f  pheno l i s  r e p r e s e n te d  by
th e  chem ical s h i f t  o f  - 4-37  p .p .m . i n  a 1% c a rb o n  t e t r a -
1 0c h lo r id e  s o l u t i o n ,  where t h e r e  i s  l i t t l e  o r  no hydrogen 
bond ing . The v a lu e  of th e  ch em ica l  s h i f t  f o r  t h e  p h e n o l ic  
p ro to n  o f  pheno l i n  DMSO i s  -9 .3 2  p .p .m . This s i g n i f i e s  a 
much more a c i d i c  p ro to n ,  a s t a t e  o f  a f f a i r s  somewhat c l o s e r  
t o  a s o lv a te d  p ro to n  and a phenoxide io n .  The p re se n c e  o f  
a more a c i d i c  p ro to n  does no t mean a more r a p id  r a t e  o f
V - - H - 0 - < g f X
C H 3  w
chem ical exchange. As a m a t te r  o f  f a c t ,  i t  i s  known t h a t  
DMSO r e t a r d s  t h e  r a t e  o f  p ro to n  exchange But th e  av e rag e  
p o s i t i o n  o f th e  p ro to n  i s  much c l o s e r  t o  t h a t  o f  a s o lv a te d  
p ro to n ,  le a v in g  a t  l e a s t  a p a r t i a l  n e g a t iv e  charg e  on th e  
phenoxy g roup . In  o rd e r  f o r  t h e r e  t o  be good c o r r e l a t i o n
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betw een ch em ica l s h i f t s  and sigma v a lu e s ,  t h e  v a r io u s  su b ­
s t i t u e n t s  must have th e  same r e l a t i v e  e f f e c t  on t h i s  i n t e r ­
m ed ia te  p o s i t i o n  as  th e y  do on th e  e q u i l ib r iu m  c o n s ta n t s  
f o r  th e  i o n i z a t i o n s  o f  th e  s u b s t i t u t e d  ben zo ic  a c i d s .  
E xam ination  o f  th e  d e v i a t i n g  p o in t s  w i l l  r e v e a l  t h a t  th e  
breakdown o f  t h i s  r e l a t i v i t y  i s  th e  cause f o r  th e  d e v i a t i o n  
o f  th e  s t r o n g  e le c t ro n -w i th d ra w in g  re so n an ce  s u b s t i t u e n t s .  
I .  I n d iv i d u a l  Data P o in ts
Much o f  th e  chem ica l knowledge we p o s se s s  to d a y  comes 
from d a ta  t h a t  do n o t co rrespond  t o  p r e d i c t i o n s .  The 
d e v i a t i o n s  o b ta in e d  i n  t h i s  experim en t have as much meaning 
as  th e  w e l l - c o r r e l a t e d  d a t a .  W ithout them t h e r e  would be 
a much l e s s  com plete  p i c t u r e  o f  th e  a c t u a l  s i t u a t i o n .
C onsider  f i r s t  o f  a l l  t h a t  t h e  r e g r e s s i o n  l i n e  does 
n o t go th ro u g h  th e  o r i g i n ;  r a t h e r  t h e  i n t e r c e p t  i s  - . 0 3 1 7 . 
By d e f i n i t i o n ,  a Hammett s ig m a-rh o  p l o t  i s  supposed t o  
c o n ta in  th e  o r i g i n .  For some r e a s o n  hydrogen as  a su b ­
s t i t u e n t  i s  more e le c t ro n -w i th d ra w in g  th a n  p r e d ic te d  by 
i t s  sigma v a l u e , c a u s in g  th e  chem ica l s h i f t  o f  th e  p h e n o l ic  
p ro to n  t o  be .03 p .p .m . f u r t h e r  d o w n f ie ld .  A p o s s ib le  
e x p la n a t io n  i s  t h a t  t h i s  i s  due t o  a s o lv e n t  e f fe c t - .  
E xam ination  o f  t a b l e  2 shows t h a t  w hereas t h e  r i n g  p ro to n s  
do no t have a change i n  chem ica l s h i f t  when th e  s o lv e n t  i s  
changed from  c h lo ro fo rm  t o  DMSO, th e  t - a m y l  and m ethy l 
p ro to n s  show a change o f  .04  d e l t a  u n i t s .  This change i s  
i n  th e  d i r e c t i o n  o f  in c r e a s e d  s h i e l d i n g ,  w hich can be 
e x p la in e d  by th e  f a c t  t h a t  DMSO causes  th e  environm ent o f  
th e s e  p ro to n s  t o  e l e c t r o n  r i c h ,  th u s  making th e  s u b s t i -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
t u e n t s  more e l e c t r o n  r e l e a s i n g .  I t  can o n ly  be assumed t h a t  
th e  o th e r  s u b s t i t u e n t s  undergo th e  same s o lv e n t  e f f e c t .  The 
r i n g  p ro to n s  do n o t  e x p e r ie n c e  su ch  a s o lv e n t  e f f e c t .
The s t r o n g  re so n a n c e  e le c t ro n -w i th d ra w in g  groups £-CHO 
and jg-NOg d e v ia te  m arkedly  from th e  r e g r e s s i o n  l i n e .  F ig u re  1 
shows t h a t  th e  O ' ~ v a lu e s  f o r  t h e s e  two s u b s t i t u e n t s  c o r ­
r e l a t e  t h e  chem ica l s h i f t s  b e t t e r  th a n  t h e  normal sigma 
v a lu e s .  C lo se r  ex a m in a tio n  shows t h a t  th e  r a t i o  ( O'' ■ -* s  v 
( &g-(p)  i s  i n  th e  same range  f o r  b o th  s u b s t i t u e n t s ,  where 
i s  th e  sigma v a lu e  c o r re sp o n d in g  t o  t h e  r e g r e s s i o n  l i n e .  For 
£-CHO th e  r a t i o  has  th e  v a lu e  0 .33  and f o r  £-NC>2 has t h e  v a lu e  
0 .4 0 .  Thus, w hatever  i s  c o n t r o l l i n g  t h e  one i s  a l s o  con­
t r o l l i n g  th e  o t h e r .  The f a c t  t h a t  th e  r e g r e s s i o n  l i n e  goes 
between th e  p r e d ic te d  p o in t s  means t h a t  t h e  s u b s t i t u e n t s  a re  
more e le c t r o n -w i th d r a w in g  th a n  p r e d ic t e d  by cr and l e s s  
e le c t ro n -w i th d ra w in g  th a n  p r e d ic te d  by <r When th e  re a so n s  
f o r  o b ta in in g  a good c o r r e l a t i o n  were d i s c u s s e d  e a r l i e r ,  a 
prime c o n d i t io n  f o r  good c o r r e l a t i o n  was t h a t  ea c h  s u b s t i ­
t u e n t  must e x h i b i t  t h e  same r e l a t i v e  e f f e c t  on t h e  chem ical 
s h i f t  a s  i t  does on t h e  i o n i z a t i o n  c o n s ta n t  o f  t h e  s u b s t i ­
tu t e d  b en zo ic  a c i d s .  And t h i s  e f f e c t  on t h e  i o n i z a t i o n  
c o n s ta n t  i s  p r im a r i l y  t h e  e f f e c t  a s u b s t i t u e n t  has  on th e  
s t a b i l i t y  o f  th e  b en z o a te  i o n .  Now, f o r  most o f  th e  su b ­
s t i t u e n t s  t h e  r e l a t i v e  e f f e c t s  a re  th e  same i n  b o th  cases '— 
bu t no t f o r  jg-CHO and £-NC>2 . Why? The o th e r  s u b s t i t u e n t s  
have an e l e c t r o n - r e l e a s i n g  re so n a n c e  e f f e c t ,  when th e y  have 
any a t  a l l .  This e f f e c t  i s  n o t  p a r t i c u l a r l y  a f f e c t e d  by 
th e  amount o f  n e g a t iv e  charge t o  be s t a b i l i z e d .  With th e
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e le c t ro n -w i th d ra w in g  re so n an ce  e f f e c t  t h e r e  i s  c o n s id e ra b le  
dependence on th e  amount o f  n e g a t iv e  charge  cn t h e  phenoxy 
oxygen, s in c e  i t  i s  th e  p re se n c e  o f  t h i s  charge  t h a t  c a l l s  
t h e  re so n an ce  e f f e c t  i n t o  p la y .  The s u b s t i t u e n t  e f f e c t s  
f o r  jd-NC>2 and g-CHO a re  g r e a t e r ,  i n  t h i s  e x p e r im e n t ,  th a n  
i n  th e  i o n i z a t i o n  c o n s ta n ts  f o r  ben zo ic  a c i d s ,  a l th o u g h  
l e s s  th a n  f o r  th e  i o n i z a t i o n  c o n s ta n ts  f o r  p h e n o ls ,  where 
0" “ i s  u se d .  This r e s u l t  means t h a t  th e s e  s u b s t i t u e n t s  
have an e f f e c t  in t e rm e d ia te  between t h a t  on t h e  b en z o a te  
i o n ,  and on th e  phenoxide i o n ,  and t h a t  t h e r e  m ust,  t h e r e ­
f o r e ,  be some n e g a t iv e  charge developed  on th e  phenoxy 
oxygen. This  f a c t  s u p p o r ts  th e  e x p la n a t io n  g iv e n  as  t o  why 
th e  r e g r e s s i o n  l i n e  f o r  t h e  s u b s t i t u t e d  p h en o ls  i s  s u p e r i o r  
t o  t h a t  f o r  th e  s u b s t i t u t e d  f lu o ro b e n z e n e s .
The p o in t  f o r  g -p h e n y l  i s  a l s o  q u i t e  a b i t  o u t o f  l i n e  
when th e  normal sigma c o n s ta n t  ( .0 0 9 )  i s  u se d .  However a 
sigma o f  0 .1 4  i s  r e p o r te d  from th e  i o n i z a t i o n  o f  ArNH^+ 
and 0 .1 8  from th e  i o n i z a t i o n  o f  A rO H .^  As w i th  t h e  g-NOg 
and g-CHO th e  g -p h e n y l  i s  betw een th e  e* and CT " v a l u e s .
The f a c t  t h a t  g -p h e n y l  shou ld  behave l i k e  g-NOg and g-CHO 
i s  due t o  th e  a m p h ie le c t ro n ic  c h a r a c t e r  o f  th e  pheny l 
g ro u p .  When an in te r m e d ia te  i s  e le c t ro n -d e m a n d in g ,  pheny l 
i s  e l e c t r o n - r e l e a s i n g ;  and when an in te r m e d ia te  i s  e l e c t r o n  
r i c h ,  pheny l i s  e le c t ro n -w i th d ra w in g .
The hydroxy s u b s t i t u e n t s ,  m-OH, g-OH, and 3 ,5 -d ih y d ro x y  
a r e  much more e l e c t r o n  r e l e a s i n g  i n  t h i s  ex p e r im en t th a n  
t h e i r  sigma v a lu e s  i n d i c a t e .  Again we f in d  a s o lv e n t  
e f f e c t .  F ig u re  1 r e v e a l s  a f a c t  t h a t  i s  c h a r a c t e r i s t i c  o f
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s o lv e n t  e f f e c t s .  The m-OH and £-OH d a ta  p o i n t s  a r e  v e ry  
n e a r l y  t h e  same d i s t a n c e  from th e  r e g r e s s i o n  l i n e ,  and th e  
3 , 5 -d ih y d ro x y  d a ta  p o in t  i s  v e ry  n e a r ly  tw ic e  as  f a r  d i s ­
p la c e d  from  th e  l i n e  as t h e y  a r e .  This a d d i t i v i t y  and non­
dependence on th e  p o s i t i o n  o f  th e  hydroxy group  p o in t  v e ry  
s t r o n g l y  t o  a s o lv e n t  e f f e c t .  The n a tu r e  o f  t h e  s o lv e n t  
e f f e c t  i s  a g a in  t h a t  of hydrogen bond ing . Hydrogen bonding  
t o  s o lv e n t  has th e  e f f e c t  o f  g iv in g  th e  OH group  more 0“ 
c h a r a c t e r  and th u s  more e l e c t r o n - r e l e a s i n g  c h a r a c t e r  th a n  
i s  i n d i c a t e d  by i t s  sigma c o n s ta n t s .  The sigma c o n s ta n ts  
f o r  meta and p a r a -o x id e  a r e  -0 .7 0 3  and - 0 .5 1 9 .  The sigm as 
f o r  m-OH and jg-OH a re  -0 .0 0 2  and -0 .3 5 7  r e s p e c t i v e l y ,  and 
t h e i r  0^  ’ s  a r e  - 0 .1 8 0  and - 0 . 5 2 7 .
The jd-OCH-j group i s  a l s o  foung  t o  be more e l e c t r o n -  
r e l e a s i n g  th a n  p r e d ic te d  by i t s  sigma c o n s ta n t .  Table 2 
shows t h a t  f o r  a l k y l  g roups th e  m ethy l p ro to n s  a r e  s h i f t e d  
u p f i e ld  by 0 .0 4  d e l t a  u n i t  i n  DMSO compared t o  t h e i r  chemi­
c a l  s h i f t s  i n  ch lo ro fo rm . However w i th  jd-OCH^ th e  s h i f t  i s  
0 .1 2  d e l t a  u n i t  u p f i e l d ,  t h a t  i s ,  i n  th e  d i r e c t i o n  o f  
g r e a t e r  s h i e l d i n g .  This h ig h  e l e c t r o n  d e n s i t y  n e ig h b o r ­
hood i s  a s u f f i c i e n t  c o n d i t io n  f o r  making jd-OCH-j a more 
e l c t r o n - r e l e a s i n g  s u b s t i t u e n t .  This  s o lv e n t  e f f e c t  on th e  
|>-methoxy s u b s t i t u e n t  i s  a p p a r e n t ly  dependen t on th e  p r e ­
sence  of t h e  p h e n o l ic  g roup . T h is  h ig h  s h i e l d i n g  o f  th e  
methoxy p ro to n s  i s  no t observed  f o r  a n i s o l e  o r  j>~anis- 
a ld e h y d e .
J .  I n d u c t iv e  Order
The r e l a t i v e  chem ical s h i f t  v a lu e s  f o r  h ig h ly  b ranched
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jo -o c ty l  and £ -n o n y l  p h en o ls  a r e  b o th  - . 3 0  p .p .m . This 
v a lu e  i s  i n  betw een th e  v a lu e s  f o r  £ -m e th y l  and £ - t - a m y l  
( - . 2 0  and - .3 6  r e s p e c t i v e l y ) .  S ince  th e  ca rb o n  a t t a c h e d  to  
th e  benzene r i n g  i n  t h e s e  h ig h ly  b ranched compounds i s  a t  
l e a s t  p r im a ry  and a t  most t e r t i a r y ,  th e  i n d u c t iv e  o rd e r  i s  
fo llo w ed  by th e  chem ica l s h i f t s  o f  th e  £ - a l k y l  g ro u p s .  This 
o rd e r  i s  no t s u r p r i s i n g  s in c e  t h e r e  i s  no r e a s o n  t o  e x p e c t  
t h a t  th e  h y p e rc o n ju g a t iv e  o rd e r  would be found .
K. New S u b s t i t u e n t s
As was s t a t e d  i n  t h e  i n t r o d u c t i o n  t h i s  te c h n iq u e  can 
be used v e ry  c o n v e n ie n t ly  t o  d e te rm in e  sigm a c o n s ta n t s  o f 
new s u b s t i t u e n t s .  A lthough a lm o st  a l l  im p o r ta n t  ty p e s  o f 
s u b s t i t u e n t s  have been s t u d i e d ,  sigm as have been  de te rm in ed  
f o r  o n ly  two a cy lo x y  s u b s t i t u e n t s .  The m e ta -  and p a r a -  
ac e to x y  sigma v a lu e s  have been  measured as  0 .3 9  and 0 .3 1
c)
r e s p e c t i v e l y ,  each  w i th  an  e x p e r im e n ta l  e r r o r  o f  0 . 1 .
Two new s u b s t i t u e n t s  i n  t h i s  c l a s s  have been  examined w i th  
t h i s  new te c h n iq u e .  For t h e  m e ta -b en zo y lo x y  s u b s t i t u e n t ,  
a sigma o f 0 .3 2 9  i s  fo u n d ,  and f o r  p a r a - to lu e n e s u l f o n y lo x y , 
sigma i s  found t o  be 0 .1 9 5 .  The sigma v a lu e  d e te rm in e d  by 
t h i s  te c h n iq u e  ought to  be a s  good as  o r b e t t e r  th a n  th o s e  
de te rm ined  by c o n v e n t io n a l  means ( e . ^ . ,  i o n i z a t i o n  d a t a ) ,  
s in c e  th e  d e v i a t i o n s  i n  t h i s  new method a r e  o n ly  h a l f  what 
th e y  a r e  f o r  t h e  u s u a l  methods (1 .0 1 6  compared t o  1 . 0 3 ) .
L. C o r r e l a t io n  t o  <Tjj
In  F ig u re  2 th e  d i f f e r e n c e  o f  th e  ch em ica l  s h i f t s  o f  
th e  p a ra  and meta s u b s t i t u t e d  p h en o ls  has been  p l o t t e d  
a g a in s t  3"^ v a lu e s .  O’^ i s  a m easure o f t h e  re so n an ce
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e f f e c t  o f  a s u b s t i t u e n t  s e p a ra te d  from th e  in d u c t iv e  e f f e c t .
The <Tr v a lu e s  a re  o b ta in e d  from  a m a th e m a tic a l  t r e a tm e n t
which makes” use o f th e  d i f f e r e n t  amounts o f  re so n a n c e  e f f e c t s
f o r  meta and p a ra  s u b s t i t u e n t s .  The c o r r e l a t i o n  o f  d a t a  t o
t h i s  re so n a n c e  e f f e c t  p a ram e te r  i s  v e ry  good e x c e p t  f o r  NOg,
w hich would n o t be p r e d ic te d  t o  be c o r r e l a t e d  s in c e  m-NOg i s
xtfell c o r r e l a t e d  on th e  sigma p l o t  and g-NOg i s  n o t .  The f a c t
t h a t  hydroxy i s  w e l l  c o r r e l a t e d  t o  <T® s u p p o r t s  th e  th e o r y
It
t h a t  t h e  d e v i a t i o n  o f  th e  m-OH and g-OH d a t a  from th e  sigma 
p l o t  i s  due t o  a s o lv e n t  e f f e c t ,  which i s  s p e c i f i c  f o r  OH.
T his  good c o r r e l a t i o n  o f  OH w i th  i t s  <3" jj v a lu e  means t h a t  
even i n  DMSO th e  e f f e c t s  o f  m-OH and g-OH a r e  r e l a t e d  i n  th e  
same way as  x\ri.th u s u a l  c o n d i t io n s  f o r  o b t a in in g  s ig m a-rh o  
p l o t s .
M. O rtho S u b s t i t u e n t s
I n  a d d i t i o n  t o  th e  meta and p a ra  s u b s t i t u t e d  pheno ls  
f o u r  o r th o  s u b s t i t u t e d  p heno ls  have been s t u d i e d .  The 
chem ica l s h i f t  d a ta  a r e  t a b u l a t e d  i n  Table 3 .  Simple 
o b s e r v a t io n  o f  t h i s  t a b l e  shows t h a t  t h e r e  i s  no c o r ­
r e l a t i o n  between th e  chem ica l s h i f t  and , w hich i s  a 
measure used f o r  o r th o  s u b s t i t u e n t s  i n  o b ta in in g  c o r r e l a t i o n  
t o  r a t e  and e q u i l ib r iu m  d a t a .  F ig u re  3 shows t h a t  th e  
v a lu e s  o b ta in e d  f o r  th e  o r th o  s u b s t i t u t e d  p heno ls  b e a r  a 
f a i r  t o  good c o r r e l a t i o n  t o  th e  v a lu e s  f o r  th e  p a ra  su b ­
s t i t u t e d  p h e n o ls ,  a phenomenon n o t  observed  w i th  r a t e  o r  
e q u i l ib r iu m  d a t a .  Again th e  e x p e r im e n ta l  c o n d i t io n s  s p e l l  
t h e  d i f f e r e n c e .  E q u i l ib r iu m  and r a t e  c o n s ta n t s  a r e  s t r o n g l y  
dependen t on p ro x im ity  e f f e c t s ,  e s p e c i a l l y  s t e r i c  e f f e c t s .
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P lo t  o f  t h e  D if fe r e n c e  o f th e  Chemical S h i f t s  o f  Para 
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FIGURE 3
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P lo t  o f  Chemical S h i f t s  o f  P h e n o l ic  P ro to n s  o f  P a ra -  
S u b s t i t u t e d  Phenols  Versus th e  C orrespond ing  O rtho-  
S u b s t i tu t e d  P h e n o ls .
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R e a c tio n  r a t e s  a r e  impeded s t e r i c a l l y  because  t h e  a t t a c k i n g  
r e a g e n t  cannot e a s i l y  approach  th e  r e a c t i o n  s i t e .  In  
i o n i z a t i o n  e q u i l ib r iu m ,  i n v o lv in g ,  f o r  exam ple, t h e  e q u i l i ­
brium i s  dependent on th e  s o l v a t i o n  o f  th e  b e n z o a te  i o n ,  
which s o lv a t i o n  i s  i n h i b i t e d  by s t e r i c  f a c t o r s .  This 
i n h i b i t i o n  o f  s o lv a t io n  i s  t r u e  i n  s p i t e  o f  th e  f a c t  t h a t  
th e  o v e r a l l  o r th o  e f f e c t  i n  t h i s  i o n i z a t i o n  i s  t o  i n c r e a s e  
i o n i z a t i o n .
C o n tra ry  t o  th e  s o lv a t i o n  o f  b en zo a te  io n s  which would 
u t i l i z e  s e v e r a l  s o lv e n t  m o lecu le s  a t  a  t i m e , hydrogen bond­
in g  between pheno l and DMSO r e q u i r e s  o n ly  one DMSO m olecu le  
a t  a t im e .  S t e r i c  f a c t o r s  a r e  n o t  l i k e l y  t o  be so  g r e a t  
as  t o  p re v e n t  even one s o lv e n t  m o lecu le  from  ap p ro a c h in g  
a s  c lo s e  t o  th e  p h e n o lic  p ro to n  a s  t h e  a c i d i t y  o f  th e  p ro to n  
demands. S ince  th e s e  o r th o  d a t a  a r e  c o r r e l a t e d  t o  th e  p a ra  
d a ta  th e y  must p r im a r i l y  r e p r e s e n t  t h e  e l e c t r o n i c  b eh av io u r  
o f  th e  o r th o  s u b s t i t u e n t s  r a t h e r  th a n  s t e r i c  p ro x im ity  
e f f e c t s .  Sigma c o n s ta n ts  have been c a l c u l a t e d  f o r  th e  
o r th o  s u b s t i t u e n t s  by means o f  t h e  r e g r e s s i o n  l i n e  i n  
F ig u re  1 , which c o r r e l a t e s  th e  d a t a  from  th e  meta and p a ra  
s u b s t i t u e n t s  w i th  t h e i r  sigma c o n s t a n t s .  These c a l c u l a t e d  
v a lu e s  ap p ear  i n  Table 3 and a r e  d e s ig n a te d  a s  .
N. Comparison t o  I o n i z a t i o n  o f  Phenol
One o f  th e  most s u r p r i s i n g  t h in g s  ab o u t th e  c o r r e l a t i o n  
o f  th e  chem ica l s h i f t s  to  Hammett sigma c o n s ta n t s  i s  t h a t  
th e  c o r r e l a t i o n  i s  b e t t e r  th a n  f o r  th e  i o n i z a t i o n  o f  su b ­
s t i t u t e d  p h e n o ls .^  The e x p la n a t io n  i s  t o  be found i n  th e  
d i f f e r e n c e  betw een th e  b en zo a te  and phenoxide  io n s .  The
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b en zo a te  io n  i s  n o t e x t e n s iv e ly  s t a b i l i z e d  by  reso n an ce  
w i th  t h e  benzene r i n g .  The phenoxide io n ,  on th e  o th e r  
hand, owes much o f  i t s  s t a b i l i t y  t o  re so n a n c e  w i th  t h e  
benzene r i n g .  In  t h i s  experim en t t h e r e  i s  o n ly  p a r t i a l  
charge  deve loped  on th e  phenoxy oxygen so  t h a t  th e  
p h e n o l ic  chem ica l s h i f t  i s  n o t  a s  s u s c e p t i b l e  t o  re so n a n c e  
e f f e c t s  a s  i s  t h e  i o n i z a t i o n  o f p h e n o ls .  Thus t h i s  e x p e r i ­
ment b e t t e r  c o r r e l a t e s  w i th  sigma c o n s ta n t s .
0 .  F u r th e r  Work
V aluab le  knowledge has  been  o b ta in e d  from  th e  e x p e r i ­
m en ta l  d a t a  o b ta in e d  from t h e  s u b s t i t u t e d  p h e n o ls .  There 
a r e  o th e r  s e r i e s  o f  compounds, more d i f f i c u l t  t o  o b t a i n ,  
which m ight g iv e  even b e t t e r  r e s u l t s ,  e s p e c i a l l y  f o r  su b ­
s t i t u e n t s  l i k e  £ - 1102. The s e r i e s  I  i n t e n d  t o  s tu d y  a r e  t h e  
s u b s t i t u t e d  m eta-  and p a r a -b e n z o y lo x y p h e n o ls , w i th  t h e  
s u b s t i t u e n t s  i n  t h e  benzoy loxy  r i n g .  I f  th e  s u b s t i t u e n t  
e f f e c t s  a r e  l a r g e  enough t o  be s u c c e s s f u l l y  m easured by 
n . m . r . ,  t h e s e  s e r i e s  sho u ld  p ro v id e  good e l e c t r o n i c  p a r a ­
m e te rs  ( p o s s i b ly  sigma v a lu e s )  f o r  s u b s t i t u e n t s  w i th  s t r o n g  
e le c t ro n -w i th d ra iv in g  mesomeric e f f e c t s  and f o r  o r th o  su b ­
s t i t u e n t s  .
P. C a lc u la t io n s
The fo l lo w in g  s e t  o f  e q u a t io n s  a r e  th e  e q u a t io n s  used 
t o  c a l c u l a t e  t h e  v a r io u s  p a ra m e te rs  i n  t h e  s t a t i s t i c a l  
s tu d y .
where p  i s  t h e  maximum l ik e l i h o o d  e s t im a te  o f  t h e  s lo p e  p  ,
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and a r e  th e  sigma c o n s ta n ts  and th e  r e l a t i v e  chem ica l 
s h i f t s  o f  t h e  v a r io u s  s u b s t i t u e n t s ,  f? and £  a r e  t h e  mean 
v a lu e s  o f  t h e  sigma c o n s ta n t s  and th e  r e l a t i v e  chem ica l 
s h i f t s  r e s p e c t i v e l y ,  and ^  i s  d e f in e d  as  % <S^)  “
(2) r  sl -
where s  i s  t h e  maximum l i k e l ih o o d  e s t im a te  f o r  t h e  s ta n d a rd  
d e v i a t i o n  s ,  jb and s j  a r e  a s  d e f in e d  above, and sj: i s  
d e f in e d  as  -L ( )  -  J a  .
(3 )
A  *
where p  i s  th e  maximum l ik e l i h o o d  e s t im a te  o f  th e  i n t e r c e p t  
P ; i  , O' , and £  a r e  a s  d e f in e d  above.
(4 ) r - p  sf /sSi
where r  i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  and th e  o th e r  p a r a ­
m e te rs  a r e  a s  d e f in e d  above.
( 5 )  *  Wf-P/t ~ I,
where A i s  t h e  av e ra g e  d e v i a t i o n  o f  sigma from t h e  r e g r e s s i o n  
l i n e .
( 6 ) The e q u a t io n  o f  th e  r e g r e s s i o n  l i n e  i s
<f= 1 .496  0*- .0317, 
w hich can be r e a r r a n g e d  t o
G = .667<f + .0212.
In  t h i s  form th e  sigma v a lu e s  can be c a l c u l a t e d  f o r  new 
s u b s t i t u e n t s .  For exam ple, f o r  m-benzoyloxy w i th  a r e l a ­
t i v e  chem ica l s h i f t  o f  0 .4 6 ,  G  -  ( .6 6 7 ) ( .4 6 )  + .0212 = .329 .
(7) The t - s t a t i s t i c  in v o lv in g  rh o  has th e  v a lu e
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Vn-2 ( f  -f> ) V n ^ / V n t 2 
where n i s  th e  number o f  sample p o i n t s ,  12. I n  o rd e r  t o  
d e te rm in e  a 90% c o n f id e n c e  i n t e r v a l  f o r  r h o ,  we r e f e r  t o  
t h e  t - t a b l e  w i th  n - 2=10 d e g re e s  o f  freedom  and f in d  t h a t  
-1 .3 7 2  < V rPI { f t - p )  < 1 .3 7 2 .
Supply ing  th e  p ro p e r  v a lu e s  f o r  n , , i 2 and s o lv i n g ,  
we o b ta in
1 .448  < f <  1 .5 4 3 .
(8 ) The c h i - s q u a r e  s t a t i s t i c  in v o lv in g  s  has t h e  v a lu e
n i 2/ s 2 .
T h is  t im e  th e  c h i - s q u a r e  t a b l e s  a r e  r e f e r r e d  t o  a t  th e  90% 
c o n f id en ce  l e v e l  w i th  10  d e g re e s  o f  freedom  and we f in d  t h a t  
4 .8 7  < n$2/ s 2 <  1 6 . 0 , 
and .0245 < s < . 0 4 4 4 .
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CHAPTER I I I  
SUBSTITUTED BENZALDEHYDES 
A s e r i e s  o f  seven  s u b s t i t u t e d  benza ldehydes  has been 
s tu d ie d  w i th  two p u rp o se s .  The f i r s t  pu rpose  was t o  see  
i f  any in fo rm a t io n  could  be ga ined  which would e l u c i d a t e  
th e  e l e c t r o n i c  e f f e c t  o f  th e  ja-CHO group i n  t h e  s u b s t i t u t e d  
phenol e x p e r im e n t .  The second p u rp o se ,  o f  c o u r s e ,  was t o  
s tu d y  th e  b eh av io u r  o f  t h e  s u b s t i t u t e d  benza ld eh y d es  p e r  
s e . The experim en t has shown (Table  4) t h a t  t h e r e  i s  no t 
a l a r g e  change i n  th e  chem ica l s h i f t  o f  t h e  a ld e h y d ic  p ro ­
to n  o f  benzaldehyde  when th e  s o lv e n t  i s  changed from c h lo r o ­
form  t o  DMSO. The change i s  0 .0 4  d e l t a  u n i t  i n  th e  d i r e c t i o n  
o f  l e s s  s h i e l d i n g .  I t  was seen  t h a t  t h e  m e thy l p ro to n s  o f  
c r e s o l  ivere s h i f t e d  0 .0 4  u n i t  i n  th e  d i r e c t i o n  o f  g r e a t e r  
s h i e l d i n g  urith  th e  same change i n  s o lv e n t .  Some o f  th e  
d e v i a t i o n  o f  t h e  ja-CHO group  i n  t h e  pheno l ex p er im en t from 
th e  b eh av io u r  p r e d ic te d  by CT “ i s  p ro b a b ly  due t o  a s o lv e n t  
e f f e c t .  Hoivever t h i s  s o lv e n t  e f f e c t  canno t e x p la in  th e  
l a r g e  d e v i a t i o n  t h a t  o c c u r re d .  The m ajor p a r t  o f  th e  
d e v i a t i o n  must be due t o  th e  f a c t  t h a t  _g-CH0 i s  a s t r o n g  
e le c t ro n -w i th d ra w in g  re so n an ce  s u b s t i t u e n t .
The s u b s t i t u t e d  benza ld eh y d es  used were r e a d i l y  o b t a i n ­
a b l e .  The t h r e e  e l e c t r o n - r e l e a s i n g  s u b s t i t u e n t s  m ight be 
p r e d ic te d  t o  undergo a s o lv e n t  e f f e c t  i n  DMSO c a u s in g  a 
d e v i a t i o n  from any c o r r e l a t i o n  l i n e  drawn f o r  t h e  o th e r  
s u b s t i t u e n t s .  However, s u b s t i t u e n t  e f f e c t s  on th e  chem ica l 
s h i f t  o f  th e  a ld e h y d ic  p ro to n  o f  benzaldehyde  a r e  q u i t e  
s m a l l  b o th  i n  ch lo ro fo rm  and i n  DMSO, and d e v i a t i o n s  due t o
32
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TABLE 4
Chemical S h i f t  Data o f  S u b s t i t u t e d  Benzaldehydes 
S u b s t i t u e n t  Chemical S h i f t  R e la t iv e  Chemical Sigma
2- N0 2
htoti' " —  BEcT  
- 1 0 .2 2
-  s"o........
p .p .m .
.14 .776
m-N02 - 1 0 .1 8 ,1 0 .7 1 0
H -1 0 .0 4 - 1 0 .0 8 0 0
J3-C1 -1 0 .0 6 - . 0 2 .257
£-OCH3 -9 .9 2 - 9 .9 4 - .1 4 -  .2 6 8
£-0H - 9 -6 0 -9 .7 8
oĉ
v•1 - .3 5 7
jb-n(ch3 ) 2 - 9 .7 6 -9 .7 0
•cor̂N•1 - .6 0 0
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s o lv e n t  w ou ld , t h e r e f o r e ,  be even s m a l l e r .
The c o r r e l a t i o n  l i n e  i n  F ig u re  4 was drawn on th e  b a s i s  
o f  v i s u a l  a p p ro x im a tio n .  No s t a t i s t i c a l  s tu d y  was made 
s in c e  i t  i s  obv ious  t h a t  th e  c o r r e l a t i o n  i s  v e ry  poor f o r  
a Hammett p l o t .  The s lo p e  o f  t h e  l i n e ,  r h o ,  i s  .311 and 
th e  i n t e r c e p t  i s  - .1 0 2 .  The v a lu e  f o r  rho  i s  q u i t e  sm a l l  
compared t o  th e  rh o  f o r  t h e  pheno l ex p e r im e n t ,  1 ,4 9 6 .  This  
Th is  r e s u l t  co n firm s  th e  e a r l i e r  s ta te m e n t  t h a t  t h e  chem ica l 
s h i f t  o f  th e  a ld e h y d ic  p ro to n  i n  benzaldehyde  i s  much l e s s  
s u s c e p t i b l e  t o  s u b s t i t u e n t  e f f e c t s  th a n  i s  t h e  chem ical 
s h i f t  o f  t h e  p h e n o l ic  p ro to n .
What i s  th e  r e a s o n  f o r  t h e  s c a t t e r  i n  t h e  c o r r e l a t i o n  
o f  th e  chem ica l s h i f t s  o f  t h e  s u b s t i t u t e d  b enza ldehydes  
w i th  sigma c o n s ta n ts ?  C onsider  (Table  3) t h e  d i f f e r e n c e  
i n  th e  chem ica l s h i f t s  when th e  s o lv e n t  i s  changed from 
ch lo ro fo rm  t o  DMSO. There i s  p r a c t i c a l l y  no change . There 
i s  v e ry  l i t t l e  i n t e r a c t i o n ,  t h e r e f o r e ,  betw een th e  a ld e ­
h y d ic  p ro to n  and th e  DMSO, r e l a t i v e  t o  t h e  i n t e r a c t i o n  
between DMSO and t h e  p h e n o l ic  p r o to n .  The r e s u l t  i s  t h a t  
t h e r e  i s  no charge in t ro d u c e d  i n t o  th e  CHO g ro u p ,  and t h e r e ­
f o r e  t h e  s u b s t i t u e n t  e f f e c t s  would n o t be e x p ec ted  t o  be 
t h e  same as  i n  th e  i o n i z a t i o n  o f  b en zo ic  a c i d .  T h is  d i s ­
s i m i l a r i t y  t o  t h e  i o n i z a t i o n  o f  b en zo ic  a c id  was th e  same 
f a c t o r  t h a t  caused th e  n .m . r .  d a t a  o f  t h e  s u b s t i t u t e d  
f lu o ro b e n z e n e s  t o  g iv e  o n ly  a f a i r  c o r r e l a t i o n  t o  Hammett 
sigma c o n s ta n t s .
SIGNIGICANCE OF RHO VALUES 
The rho  c o n s ta n t  f o r  t h e  i o n i z a t i o n  o f  s u b s t i t u t e d
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b en zo ic  a c id s  i s  d e f in e d  as  u n i t y .  Rho v a le s  o b ta in e d  
from o th e r  e q u i l ib r iu m  d a ta  can be compared t o  t h i s  v a lu e .  
I f  a rh o  v a lu e  g r e a t e r  t h a n  u n i t y  i s  o b ta in e d ,  th e n  th e  
e q u i l ib r iu m  i s  more s u s c e p t i b l e  t o  s u b s t i t u e n t  e f f e c t s  
th a n  i s  t h e  d e f in in g  r e a c t i o n .  I f  a rho  i s  n e g a t iv e  th e n  
t h e  e q u i l ib r iu m  c o n s ta n t  i s  a f f e c t e d  i n  a manner o p p o s i te  
t o  t h a t  i n  t h e  d e f in in g  r e a c t i o n ,  t h a t  i s ,  lo g  (K/K0 ) 
becomes l a r g e r  th e  g r e a t e r  t h e  e l e c t r o n - r e l e a s i n g  e f f e c t  
o f  t h e  s u b s t i t u e n t .  When t h e  a b s o lu te  v a lu e  o f  rho  i s  
l e s s  th a n  about 0 . 5 , t h e  s u b s t i t u e n t  e f f e c t  on a r e a c t i o n  
i s  q u i t e  sm a l l  and o t h e r ,  n o n - c o r r e la t e d  f a c t o r s  become 
p r o p o r t i o n a t e l y  more im p o r ta n t ,  ca u s in g  g r e a t e r  s c a t t e r  
i n  t h e  Hammett p l o t .
When r a t e  d a t a  a r e  p l o t t e d  a g a in s t  sigma a d i f f e r e n t  
te rm  i s  b e in g  p l o t t e d  a g a in s t  sigma so t h a t  t h e  rho  v a lu e s  
a r e  no lo n g e r  r e l a t i v e  t o  t h a t  f o r  ben zo ic  a c id  i o n i z a t i o n .  
A lthough  i t  has  been proven  t h a t  k i n e t i c  d a t a  g iv e  Hammett 
p l o t s  a s  w e l l  a s  e q u i l ib r iu m  d a t a ,  t h i s  i n  no way im p l ie s  
t h a t  t h e  rh o  v a lu e s  o b ta in e d  from  th e  p l o t s  w i l l  be o f  
t h e  same r e l a t i v e  m agn itude . However, rho  v a lu e s  from  
r a t e  d a t a  a r e  u s u a l l y  compared t o  th e  s c a l e  d e f in e d  by 
th e  i o n i s a t i o n  c o n s ta n t s  o f  s u b s t i t u t e d  b en zo ic  a c i d s .
I t  i s  p l a u s i b l e  t h a t  t h e  k i n e t i c  r h o s ,  a l th o u g h  n o t  quan­
t i t a t i v e l y  r e l a t e d  t o  e q u i l ib r iu m  r h o s ,  r e p r e s e n t  s u sc e p ­
t i b i l i t y  o f  t h e  same o rd e r  o f  m agnitude as  t h a t  r e p r e s e n te d  
by e q u i l ib r iu m  rh o s  o f  th e  same v a lu e s .  T h is  p l a u s i b i l i t y  
s tem s from  th e  f a c t  t h a t  t h e  ra n g e s  o f  rho  v a lu e s  from  
b o th  t y p e s  o f  d a t a  a re  th e  same, and th e  f a c t  t h a t  f o r  b o th
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ty p e s  o f  d a ta  rho  l e s s  t h a n  0 .5  i s  no t s i g n i f i c a n t .
Noxy i n  t h e s e  two ty p e s  o f  ex p e r im en ts  i t  i s  t h e  lo g  K 
and lo g  k t h a t  a r e  l i n e a r l y  r e l a t e d  t o  s igm a. It and k a r e  
lo g a r i th m ic  f u n c t io n s  o f  e n e rg y  w hereas t h e  chem ica l s h i f t  
i s  a l i n e a r  f u n c t io n  o f  en e rg y .  T h e re fo re ,  t h e  f u n c t io n  
<£~£o was P lo t t e d  v e r s u s  s igm a, r a t h e r  th a n  lo g  & -  lo g  £ q .  
I f  th e  chem ica l s h i f t  had been measured i n  c . p . s .  i n s t e a d  
o f  p .p .m . ,  a d i f f e r e n t  n u m er ic a l  v a lu e  would have been 
o b ta in e d  f o r  rh o  i n  t h e  pheno l and benzaldehyde p l o t s .  I t  
so  happens t h a t  a v a lu e  f o r  rh o  i n  th e  range  o f  t h e  rh o s  o f  
e q u i l ib r iu m  d a ta  i s  o b ta in e d  i f  p .p .m . v a lu e s  a r e  u sed .
Here a g a in  t h e  n u m e r ic a l  v a lu e  o f  rho  does n o t q u a n t i t a t i v e l y  
have t h e  same meaning a s  i t  does i n  e q u i l ib r iu m  p l o t s .  The 
f a c t ,  how ever, t h a t  t h e  Hammett p l o t  f o r  t h e  s u b s t i t u t e d  
ben za ld eh y d es  has  a rh o  l e s s  th a n  0 .5  and t h a t  t h e  d a ta  a r e  
p o o r ly  c o r r e l a t e d  i n d i c a t e s  t h a t  t h e  rh o s  o b ta in e d  u s in g  
p .p .m . a r e  o f  t h e  same o r d e r  o f  m agnitude a s  th e  rh o s  
o b ta in e d  from e q u i l ib r iu m  d a t a .
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CHAPTER IV 
SUBSTITUTED ALCOHOLS 
U nless  extrem e m easures  a r e  t a k e n  t o  r i d  an  a l c o h o l  
sample o f  t r a c e s  o f  a c i d , t h e  r a t e  o f  t h e  ch em ica l exchange 
o f  t h e  hydro x y l p ro to n  i n  t h e  u s u a l  n .m . r .  s o lv e n t s  i s  to o  
r a p id  f o r  o b s e rv a t io n  o f  s p l i t t i n g  due t o  th e  h y d ro x y l 
p r o to n s .  I t  has  been r e p o r te d  t h a t  i n  "d im e th y l  s u l f o x id e  
s o lu t i o n  s t r o n g  hydrogen bonding  t o  t h e  s o lv e n t  s h i f t s  t h e  
hydroxy l re so n an ce  d o w n fie ld  ( t a u  6 . 0  o r  low er)  and re d u c e s  
th e  r a t e  o f  p ro to n  exchange s u f f i c i e n t l y  t o  p e rm it  o b s e r ­
v a t io n  o f  h y d ro x y l p ro to n  s p l i t t i n g . Thi s  phenomenon 
becomes a handy t o o l  f o r  t h e  o rg a n ic  ch em is t  i n  th e  
c l a s s i f i c a t i o n  o f  a l c o h o l s .  I f  a t e r t i a r y  a l c o h o l  i s  
b e in g  s tu d ie d  th e  h y d ro x y l peak w i l l  be a  s i n g l e t .
S i m i l a r l y ,  seco n d a ry  a l c o h o l s  w i l l  p roduce  d o u b le t s  and 
p r im ary  a l c o h o l s  t r i p l e t s .
When r o u t i n e  a n a l y s i s  o f  m e th y len eey e lo h ex an e  bromo- 
h y d r in ,  a compound p r e v io u s ly  s tu d i e d  i n  P r o f e s s o r  Traynham 's  
l a b o r a t o r i e s , ^  gave r e s u l t s  t h a t  were n o t  ex p e c te d  from  i t s  
proposed  s t r u c t u r e , ^  an i n v e s t i g a t i o n  was made o f  t h e  e f f e c t  
o f  e le c t r o n -w i th d r a w in g  s u b s t i t u e n t s  on th e  v a l i d i t y  o f  th e  
m ethod. The e x p e r im e n ta l  r e s u l t s  a r e  l i s t e d  i n  Table 5 .  
S e v e ra l  e x p e r im e n ta l  c o n d i t i o n s  have been  v a r i e d  t o  see  i f  
th e y  would have any e f f e c t  on th e  r e s u l t s .  These v a r i a t i o n s  
in c lu d e  changes i n  c o n c e n t r a t i o n ,  age o f  DMSO s o l u t i o n  o f  t h e  
a l c o h o l s , t r e a tm e n t  o f  a l c o h o l  w i th  sodium o r  p o ta ss iu m  
c a r b o n a te , and f r e s h  d i s t i l l a t i o n  o f  t h e  a l c o h o l . Table  5 
shows t h a t  a s  o f t e n  as  n o t  t h e  v a r i a t i o n  o f  e x p e r im e n ta l
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Chemical S h i f t s  o f  Hydroxyl P ro to n s  o f  S u b s t i t u t e d  A lco h o ls  i n  DMSO
A lcohol C hem .Shift 
p .p .m .
M u l t i p l i c i t y K^COo o r
- 3 j § c o 3
Time i n  
T M S U “
Voi. % 
i n  DMSO
P u r i t y
2 - e th o x y e th a n o l -4 .5 5 t no f r e s h 10 A.O.
a l l y l  a lc o h o l - 4 .7 1 t no f r e s h 10 A.O.
t r a n s - 2 - c h lo r o -
c y c lo o c ta n o l
-4 -9 2 d no f r e s h 10 A.O.
t r a n s - 2 -bromo-  
c y c lo o c ta n o l
- 4 .6 0 s no f r e s h 10 A.O.
e th y le n e  bromo- 
h y d r in






f r e s h





-4 .6 3 s no 3 h r s . 10 A.O.
-3 .9 7 s yes 2 days 10 A.O.
-4 .5 2 s no f r e s h 10 F.D.
-5 -23 s no f r e s h 20 F.D.
-5 -3 0 s no f r e s h 30 F.D.
- 5 .1 1 t yes f r e s h 10 F.D.
- 5 .1 1 t yes f r e s h 20 F.D.
- 5 .1 1 t  yes  
(p o o r ly  r e s o lv e d )














TABLE 5 ( c o n t 'd )
A lcohol Chem. S h i f t  
p .p .m .





i  n DM
e th y le n e  bromo- 
h y d r in
-5 .1 1 s (b road) yes 2 h r s . 10
e th y le n e  c h lo r o -  
h y d r in
- 4 .8 8
- 5 .1 2
s
s (b road )
no
yes




-5 .0 5 t yes f r e s h 10
e th y le n e  cyano- 
h y d r in
- 4 .8 8
- 5 .2 1
s  (b ro a d ) 
s  ( b ro a d )
no
yes
f r e s h
f r e s h
10
10
- 5 .0 s
(v e ry  b ro ad )
yes 2 days 10
1
- 4 .2 2 s
(v e ry  b ro ad )
1 .5  h r s . f r e s h 10
- 4 .5 8 s  (b r o a d ) no f r e s h 10
- 5 .0 2 s
(v e ry  b ro ad )
3 days f r e s h 10
e t h y l  l a c t a t e -5 .4 5 s  (b ro a d ) no f r e s h 10
- 5 -2 8 s  (b ro a d ) no f r e s h 10
- 5 .2 2 s
(v e ry  b ro ad )
1 .2 5  h r s . f r e s h 10
P u r i t y
F.D.
A .0 .
P rep .  
P rep .  
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c o n d i t io n s  d id  a l t e r  th e  r e s u l t s .
The e x p la n a t io n  f o r  t h e  l o s s  o f  m u l t i p l i c i t y  o f  some 
o f  th e  a l c o h o l s  f o l l o w s . The s t r o n g  e le c t ro n -w i th d ra w in g  
s u b s t i t u e n t s  c lo s e  t o  th e  hydroxy group  a p p a r e n t ly  promote 
r a p id  p ro to n  exchange , even i n  d im e th y l  s u l f o x id e  s o l u t i o n ,  
w i th  consequen t l o s s  o f  m u l t i p l i c i t y  o f  b o th  h y d ro x y l and 
m ethylene p ro to n  r e s o n a n c e s .  The m agnitude o f  t h e  chem ica l 
s h i f t s  o f  t h e  -OH re so n a n c e s  i n  t h e  v a r io u s  a l c o h o l s  su g ­
g e s t s  a d e f i n i t e  c o r r e l a t i o n  w i th  th e  r e l a t i v e  e l e c t r o n -  
a t t r a c t i n g  power o f  t h e  s u b s t i t u e n t .
When no m easures f o r  p u r i f i c a t i o n  were t a k e n ,  th e  
n .m . r .  s p e c t r a  o f  DMSO s o l u t i o n s  o f  s e v e r a l  o f  t h e  a l c o h o l s  
s tu d ie d  showed l o s s  o f  m u l t i p l i c i t y  o f  h y d ro x y l r e s o n a n c e s .  
With added p r e c a u t io n s  f o r  p u r i t y ,  f r e s h  d i s t i l l a t i o n  and 
t r e a tm e n t  w i th  s o l i d  sodium o r  p o ta ss iu m  c a r b o n a te ,  th e  
p r e d ic te d  m u l t i p l i c i t y  was observed  f o r  some o f  t h e  a l c o h o l s .  
The compounds t e s t e d  can be p u t  i n t o  t h r e e  c l a s s e s :
(1) th o s e  g iv in g  ex p ec ted  m u l t i p l i c i t y  w i th o u t  s p e c i a l  
t r e a tm e n t :  2 - e th o x y e th a n o l , a l l y l  a l c o h o l ,  and t r a n s - 2 -
c h lo r o c y c lo o c ta n o l ; (2) th o s e  g iv in g  ex p ec ted  m u l t i p l i c i t y  
o n ly  a f t e r  p r i o r  t r e a tm e n t  w i th  c a rb o n a te :  e th y le n e
c h lo ro h y d r in  and e th y le n e  brom ohydrin ; (3) th o se  f o r  which 
o n ly  s i n g l e t  peaks  a r e  o b ta in e d ,  even a f t e r  t r e a tm e n t  
w i th  c a rb o n a te :  e th y le n e  c y a n o h y d r in , e t h y l  l a c t a t e ,  and
2 , 2 , 2 - t r i c h l o r o e t h a n o l . T ran s -2 -b ro m o c v c lo o c ta n o l  must 
be c la s s e d  s e p a r a t e l y  s in c e  t h e r e  was o n ly  enough o f  i t  on 
hand f o r  one ru n .  I t  liras n o t  t r e a t e d  w i th  c a r b o n a te ,  b u t  
th e  sample ru n  w i th o u t  t r e a tm e n t  showed no m u l t i p l i c i t y
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i n  t h e  h y d ro x y l p ro to n  peak .
The d a t a  show t h a t  f o r  t h e  e th y le n e  brom ohydrin  sam ples
no t t r e a t e d  w i th  c a rb o n a te  t h e r e  i s  c o n s id e ra b le  dependence
o f  th e  chem ical s h i f t  on c o n c e n t r a t i o n ,  w hereas  f o r  th e
t r e a t e d  sam ples ,  chem ica l s h i f t ,  i s  n o t  c o n c e n t r a t i o n
d ep en d en t.  The age o f  th e  DMSO s o l u t i o n  i s  a f a c t o r  o f
con cern  w i th  some o f  th e  compounds. I n  t h e  u n t r e a t e d
sam p les ,  t h e  chem ical s h i f t  sometimes v a r i e s  w i th  th e  age
o f  t h e  sam ple . With th e  e th y le n e  c h lo r o -  and brom ohydrins
th e  m u l t i p l i c i t y  ga ined  by t r e a tm e n t  w i th  c a rb o n a te  i s  l o s t
a f t e r  th e  DMSO s o l u t i o n  i s  two h o u rs  o ld .
The r e a s o n  th e s e  compounds have been  s tu d i e d  so
e x t e n s iv e ly  i s  t h a t  th e  method i s  o f  p ra g m a tic  v a lu e  t o
th e  o rg a n ic  c h e m is t .  As su c h ,  any f a c t o r  t h a t  cau ses  t h i s
la c k  o f  o b s e rv a t io n  o f  m u l t i p l i c i t y  i s  o f  i n t e r e s t  t o  him.
C on fo rm a tio n a l  E q u i l ib r iu m  o f  C yclohexanol
Among th e  compounds s tu d ie d  by Chapman-^ a r e  c i s - 4 -
t - b u ty lc y c lo h e x a n o l  ( -4 .1 1  p . p . m . ) ,  t r a n s - 4 - t - b u t v l c v c l o -
h exano l ( -4 -4 5  p . p . m . ) ,  and cy c lo h e x a n o l  ( - 4 .3 8  p . p . m . ) .
The chem ica l s h i f t  v a lu e s  f o r  t h e  h y d ro x y l  p r o to n s  a r e
i n  p a r e n th e s e s .  S ince  th e  t - b u t y l  g roup  lo c k s  th e
1Ac o n fo rm a tio n  o f  t h e  cyclohexane  r i n g ,  t h e s e  d a t a  can  be 
used t o  c a l c u l a t e  th e  c o n fo rm a t io n a l  e q u i l i b r iu m  o f  c y c lo ­
h e x a n o l ,  from  which th e  f r e e  en ergy  d i f f e r e n c e  betw een 
e q u a t o r i a l  and a x i a l  -OH can be c a l c u l a t e d . For t h i s  
c a l c u l a t i o n  t o  be done, i t  must be assumed t h a t  th e
t - b u t y l  g roup  w i l l  n o t a f f e c t  t h e  ch em ica l s h i f t  o f  t h e
1 $h y d ro x y l p ro to n ,  a good a ssu m p tio n .  S ince  n . m . r .  d a ta
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a r e  q u i t e  a c c u r a t e ,  an a c c u r a te  e q u i l ib r iu m  c o n s ta n t  shou ld  
be o b ta in e d  by l i n e a r  i n t e r p r e t a t i o n  o f  t h e  chem ica l s h i f t  
d a t a .  From th e  e q u a t io n  K = ( £a -  §  ) / (  £ - £ e ) , where £a i s  
th e  chem ical s h i f t  v a lu e  f o r  c i s - 4 - t - b u t y l c v c l o h e x a n o l ,  Sa 
f o r  th e  t r a n s  iso m e r ,  and £  f o r  c y c lo h e x a n o l ,  a v a lu e  o f  
K=3.86 i s  o b ta in e d .  From th e  e q u a t io n  r e l a t i n g  f r e e  en e rg y  
t o  e q u i l ib r iu m  c o n s ta n ts  $ F °  = -RTlog K, w i th  T=298°K, 4 F °  
i s  c a l c u l a t e d  t o  be .829 k c a l /m o le .  This  i s  i n  t h e  ran g e  
o f  0 .4  t o  0 .9  k c a l /m o le  t h a t  has been o b ta in e d  th ro u g h  
v a r io u s  e x p e r im e n ts .2 0 ’ 2^
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EXPERIMENTAL 
A l l  s p e c t r a  i n  P a r t  1 o f  th e  d i s s e r t a t i o n  were 
o b ta in e d  w i th  a V arian  A s s o c ia te s  HA-60 s p e c t ro m e te r .
The compounds were i n  g e n e r a l  o b ta in e d  co m m erc ia lly .  
T ran s - 2 - c h l o r o -  and t r a n s -2 -b ro m o c y c lo o c ta n o l  were p r e ­
pared  by J .  S c h n e l le r  i n  P r o fe s s o r  Traynham’s  l a b o r a t o r i e s . ^ ^  
E th y le n e  c h lo ro h y d r in  was p re p a re d  by ad d ing  d ry  hydrogen 
c h lo r id e  t o  e th y le n e  ox ide  i n  carbon  t e t r a c h l o r i d e  and 
rem oving th e  s o lv e n t  by r o t a r y  e v a p o r a t io n .  Gas chroma­
to g ra p h y  and i n f r a - r e d  a n a l y s i s  r e v e a le d  no i m p u r i t i e s  i n  
t h e  r e s i d u a l  c h lo r o h y d r in ,  which was used  w i th o u t  f u r t h e r  
p u r i f i c a t i o n .  The p h en o ls  were used  as  o b ta in e d ;  p u r i t y  
o f  sam ples  were checked by m e l t in g  p o in t  f o r  each  s o l i d  
and gas  chrom atography  f o r  each  l i q u i d .  A l l  th e  m e l t in g  
p o in t  r a n g e s  xirere w i th in  two d e g re e s  o f  t h e  r e p o r te d  v a lu e s ,  
and gas  chrom atography  r e v e a le d  no i m p u r i t i e s  i n  t h e  l i q u i d s .  
The s u b s t i t u t e d  ben za ld eh y d es  were a l s o  used  a s  o b t a i n e d .
The t r e a t m e n t s  o f  t h e  a l c o h o l  sam ples a r e  b r i e f l y  summarized 
i n  Table  5 ; "A .O ." means used as  o b ta in e d ,  and "F .D ."  means 
f r e s h l y  d i s t i l l e d .
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PART 2: ADDITION REACTIONS OP C IS , TRANS- 1 , 5-CYCLODECADIENE
AND CIS-  AND TRANS-CYCLODECENE
CHAPTER I  
INTRODUCTION 
T his p a r t  o f  th e  d i s s e r t a t i o n  concerns a d d i t io n  
r e a c t io n s  t o  th e  medium r in g  o l e f in s  c i s -  and t r a n s -  
cyc lo d ecen e  and c i s , t r a n s - l ,5 - c y c lo d e c a d ie n e , p r im a r i ly  
th e  l a s t .  Medium r in g s  a re  th o s e  w ith  e ig h t  t o  e le v e n  
carbon  atom s in  th e  r i n g .  T h is  c l a s s i f i c a t i o n  i s  n o t 
a r b i t r a r y .  Medium r in g  compounds have s e v e r a l  ch em ical 
c h a r a c t e r i s t i c s  w hich d i s t i n g u i s h  them from  o th e r  com­
pounds .
P erhaps th e  m ost s t r i k i n g  d i f f e r e n c e  in  medium r in g  
c h e m is try  i s  t h a t  some r e a c t io n s  i n  r in g s  o f t h i s  s iz e  do 
no t ta k e  p la c e  on th e  c l a s s i c a l l y  a c t iv a te d  s i t e s  b u t 
in v o lv e  atom s ly in g  on o p p o s ite  s id e s  o f  th e  r i n g ,  le a d in g  
to  l , 4 - i  1 ,5 - ,  and 1 , 6 - d i s u b s t l t u t e d  p ro d u c ts  i n  th e  e ig h t ,  
n in e ,  and te n  membered r in g s  r e s p e c t iv e ly .  The o cc u rre n c e  
o f such  t r a n s a n n u la r  r e a c t io n s  was re p o r te d  in d e p e n d e n tly  
by P re lo g  and by Cope and t h e i r  cow orkers i n  1 9 5 2 , ^ ’^  
and th e  s u b je c t  has been  a t t r a c t i n g  c o n s id e ra b le  a t t e n t i o n  
e v e r  s in c e .  T ra n sa n n u la r  r e a c t io n s  a re  a s s o c ia te d  m ain ly  
w ith  carbonium  io n  p r o c e s s e s ,24 ,25  a lth o u g h  r e c e n t  s tu d ie s  
have uncovered  some t r a n s a n n u la r  f r e e  r a d i c a l  r e a c t i o n s .2 6 ,2 7  
A nother p ro p e r ty  o f  i n t e r e s t  w ith  medium r in g s  and 
o f im p o rtan ce  to  t h i s  work i s  t h a t  o f  th e  r e l a t i v e  s t a ­
b i l i t i e s  o f  th e  c i s  and t r a n s  iso m ers  o f  th e  medium r in g  
o l e f in s .  T ra n s -c y c lo h e p te n e , a  common r in g ,  c o n v e r ts  to
46
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c is - c y c lo h e p te n e  so f a s t  t h a t  i t  has n ev e r been i s o l a t e d ,  
a lth o u g h  i t  has been d e te c te d .  ° In  th e  tw e lv e  membered 
r i n g ,  th e  t r a n s  o l e f in  i s  more s t a b l e  th a n  th e  c i s ,  as 
w ith  a c y l ic  compounds. These two r in g s  a re  th e  im m ediate 
n e ig h b o rs  o f  th e  medium r in g s .  L et us  now examine th e  
r e l a t i v e  s t a b i l i t i e s  o f  th e  medium r in g  c i s  and t r a n s  
o l e f i n s .  The therm odynam ic d a ta  a r e  t a b u la te d  i n  T able 6 .
TABLE 629
fling S ize M  h L  
■ $ r m °
AA F°
~ 100°
E q u ilib r iu m  
C o n stan t a t
„ % C is .  
100°  a t “T 00
8 - 9 . 2630
9 - 2 .8 7 30 -4  • 04 232 >99
10 -3 .3 4 30 - 1 .8 6 1 2 .2 76
11 - 0 .1 2 .67 0 .4 0 6 29
12 -0 .4 1 • 49 0 .517 34
The M  H° and F° v a lu e s a re  th e  v a lu e s o f  th e
d i f f e r e n c e s  o f  th e  h e a ts  o f  h y d ro g e n a tio n  and f r e e  e n e r ­
g ie s  o f h y d ro g e n a tio n  o f th e  c i s  and t r a n s  o l e f i n s .  No 
q u a n t i t a t i v e  work on th e  && F° i s  a v a i la b le  f o r  c y c lo -  
o c te n e , b u t th e  e q u il ib r iu m  c o n s ta n t  i s  d e f i n i t e l y  much 
g r e a t e r  th a n  232, w hich i s  th e  v a lu e  f o r  cy c lo n o n en e .
The i n s t a b i l i t y  o f  th e  t r a n s  iso m er i n  th e  sev en  to  
t e n  membered r in g s  i s  due t o  th e  a n g le  s t r a i n  in tro d u c e d  
in to  th e  r in g  when th e  t r a n s  c o n f ig u ra t io n  i s  p r e s e n t .
As th e  r in g s  become l a r g e r ,  t h i s  s t r a i n  d e c re a s e s  u n t i l  
th e  f a c t o r s  t h a t  cause  th e  a c y c l ic  t r a n s  o l e f in s  to  be 
more s t a b l e  become th e  m ajor f a c t o r s .  T h is f a c t o r  becomes
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th e  more im p o rta n t in  th e  e le v e n  membered r in g ;  t r a n s -  
cycloundecene  i s  more s ta b le  th a n  th e  c i s  iso m e r . A lthough  
no work has been done on th e  r e l a t i v e  s t a b i l i t i e s  o f th e  
d ie n e s ,  i t  i s  assumed t h a t  th e  s t a b i l i t i e s  o f  th e  c i s  and 
t r a n s  o l e f in s  a re  th e  same i n  th e s e  compounds a s  th e y  a re  
in  th e  m o n o o le fin  compounds.
In  t h i s  s tu d y  b o th  c i s  and t r a n s  a d d i t io n  r e a g e n ts  
have been u sed . I t  i s  f i t t i n g  t h a t  th e  d i f f e r e n c e  i n  th e  
m echanisms be d is c u s s e d  h e r e , s in c e  th e  r e s u l t s  o b ta in e d  
can  be c l a s s i f i e d  ac c o rd in g  t o  w hether th e  a d d i t io n  re a g e n t  
was c i s  o r  t r a n s .  What i s  i t  t h a t  makes a c i s  a d d i t io n  
c i s  and a t r a n s  a d d i t io n  re a g e n t t r a n s ?  The answ er l i e s  
i n  th e  m echanisms o f  th e  a d d i t io n s  and th e  r e s u l t i n g  
s te r e o c h e m is try  o f  th e  a d d i t io n  p r o d u c ts . An example o f  
each  ty p e  o f  a d d i t io n  w i l l  i l l u s t r a t e  th e  d i f f e r e n c e .  
Bromine w i l l  be used  as  an example o f  a  t r a n s  a d d i t io n  
r e a g e n t ,  and d iim id e  r e d u c t io n  w i l l  i l l u s t r a t e  th e  c i s  
a d d i t io n  mechanism.
In  brom ine a d d i t io n ,  th e  i n i t i a l  a t t a c k  on th e  o l e f i n  
i s  by a c a t io n ic  s p e c ie s ,  Br+ , o r  i t s  k i n e t i c  e q u iv a le n t ,  
to  g iv e  a bromonium io n .  B ackside a t t a c k  by brom ide io n
H3 c
Br '3
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on t h i s  bromonium io n  g iv e s  p ro d u c t d ib ro m id e . As th e  
i l l u s t r a t i o n  show s, brom ine a d d i t io n  to  c i s -2 -b u te n e  
g iv e s  racem ic  2 ,3 -d ib ro m o b u tan e . The te rm  t r a n s  a d d i t io n  
comes th e r e f o r e  from  th e  s te r e o c h e m is try  o f th e  a d d i t io n  
p ro d u c t .  A m ajo r c h a r a c t e r i s t i c  o f  t r a n s  a d d i t i o n ,  w hether 
e l e c t r o p h i l i c  l i k e  brom ine o r  n o t ,  i s  th e  s te p w is e  a d d i t io n  
o f th e  addends.
Only r e c e n t ly  has th e  o l e f i n  r e d u c t io n  by h y d ra z in e  
been found t o  be due to  th e  d iim id e  s p e c ie s ,  The
a d d i t io n  o f  d iim id e  i s  c o n c e r te d , t h a t  i s ,  one s t e p .  The 
d iim id e  m o lecu le  ap p ro ach es  th e  o l e f i n  from  one s id e  o f  th e  
p i  c lo u d  t o  form  a c i s  t r a n s i t i o n  s t a t e .  E lem en ta l n i t r o g e n
and th e  s a tu r a te d  p ro d u c t a re  th e n  fo rm ed . The addends 
in  th e  r e a c t io n  p ro d u c t o f  a c i s  a d d i t io n  r e a c t io n  a re  
c i s ,  o r  g au ch e , to  each  o th e r .  A c o n ce rte d  mechanism 
r e s u l t s  i n  c i s  a d d i t io n .
The c i s  a d d i t io n  r e a c t io n s  s tu d ie d  w ere: e p o x id a t io n ,
m e th y le n a tio n , h y d ro b o ra tio n , d iim id e  r e d u c t io n ,  p a lla d iu m  
c a ta ly z e d  h y d ro g e n a tio n , o r  o z o n a tio n . B ro m in a tio n  and 
a c e to x y la t io n  were th e  t r a n s  a d d i t io n  r e a c t io n s  s tu d ie d .
A ll  o f  th e  c i s  a d d i t io n  r e a g e n ts ,  e x c ep t ozone , gave n o r ­
mal 1 ,2 - a d d i t io n  p ro d u c ts .  In  th e  case  o f  c i s , t r a n s - 1 ,5 -
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c y c lo d e c a d ie n e , th e  t r a n s  d o u b le  bond was p r e f e r e n t i a l l y  ' 
a t t a c k e d .  W ith th e  t r a n s  a d d i t io n  r e a g e n ts  and w ith  
o zo n e , t r a n s a n n u la r  p ro d u c ts  w ere o b ta in e d .  For th e  
b ro m in a tio n  r e a c t i o n ,  w hich was s tu d ie d  e x te n s iv e ly ,  no 
p re fe re n c e  f o r  a t t a c k  a t  th e  t r a n s  d o u b le  bond was d e te c te d .
W hile t h i s  work was i n  p r o g r e s s ,  an  a r t i c l e  was 
p u b lish e d  on th e  r e a c t io n s  o f  c i s . t r a n s , t r a n s ° l .5  , 9 - c y c lo -  
d o d e c a tr ie n e  i n  w hich th e  r e l a t i v e  r e a c t i v i t i e s  o f  th e  
c i s  and t r a n s  d o u b le  bonds were compared f o r  s e v e r a l  
a d d i t io n  r e a g e n t s .^ 2 From th e  d a ta  o b ta in e d ,  w hich l a r g e l y  
c o rre sp o n d s  t o  t h a t  o b ta in e d  f o r  c i s . t r a n s  .-1 . 5 - c y c lo -  
d e c a d ie n e , some c o n c lu s io n s  have been  re a c h e d  ab o u t th e  
cau se  f o r  th e  s e l e c t i v i t y  o f  th e  c i s  r e a g e n ts .
I t  sh o u ld  be r e p e a te d  a t  t h i s  p o in t  t h a t  th e  r e l a t i v e  
s t a b i l i t i e s  o f  th e  c i s  and t r a n s  d o u b le  bonds a r e  d i f f e r e n t  
i n  th e  tw e lv e  membered and t e n  membered r i n g s . I n  b o th  
sy stem s th e  t r a n s  d o u b le  bond i s  p r e f e r e n t i a l l y  a t t a c k e d .
Thus th e  c o n t r o l l i n g  f a c t o r  i n  th e  s e l e c t i v i t y  i s  n o t th e  
r e l a t i v e  s t a b i l i t y  o f  th e  t r a n s  d o u b le  bond . I t  i s  due 
r a t h e r  t o  s t e r i c  f a c t o r s  w hich  make c i s  a d d i t io n  more 
f a v o ra b le  a t  th e  t r a n s  th a n  i t  i s  a t  a c i s  d o u b le  bond.
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CHAPTER I I  
RESULTS AND DISCUSSION.
In  t h i s  s e c t io n  th e  r e s u l t s  o f  each  r e a c t io n  w i l l  
be r e p o r te d  and d is c u s s e d ; f i r s t  th e  r e a c t io n s  y ie ld in g  
norm al a d d i t io n  p ro d u c ts ,  th e n  th o se  g iv in g  t r a n s a n n u la r  
p ro d u c ts .  The r e a c t io n s  w i l l  be d is c u s s e d  w ith  r e s p e c t  
t o :  (1 ) th e  norm al mechanisms o f  th e  v a r io u s  a d d i t io n
r e a g e n ts ,  (2 ) th e  c o rre sp o n d in g  r e s u l t s  w ith  c i s , t r a n s . 
t r a n s - 1 , 5 , 9 - c y c lo d o d e c a tr ie n e , (3) th e  ch em ical c h a r a c te r ­
i s t i c s  o f  c i s , t r a n s - 1 ,5 - c y c lo d e c a d ie n e . The r e a c t io n s  
w ith  c i s -  and t r a n s -c y c lo d e ce n e  w i l l  be d is c u s s e d  w ith  
th e  c o rre sp o n d in g  r e a c t io n s  o f  c i s , t r a n s i - 1 ,5- c y c lo ­
d ec ad ie n e  .
In  th e  r e a c t io n s  y ie ld in g  norm al a d d i t io n  p ro d u c ts ,  
th e  r e s u l t s  o f  g r e a t e s t  i n t e r e s t  a re  th e  r e l a t i v e  am ounts 
o f a d d i t io n  t o  c i s  and t r a n s  do u b le  bonds. R ea c tio n  
p ro d u c ts  were an a ly zed  by c a p i l l a r y  column gas chrom ato­
g raphy  t o  d e te rm in e  th e  r e l a t i v e  q u a n t i t i e s  o f  th e  
iso m e r ic  a d d u c ts .  Gas chrom atography peaks were a s s ig n e d  
on th e  b a s is  o f  th e  in f r a r e d  s p e c t r a  o f  th e  r e a c t io n  
p ro d u c ts .  O th er m ethods o f  i d e n t i f i c a t i o n  w i l l  be d i s ­
cussed  when u s e d . The r e l a t i v e  amounts o f th e  v a r io u s  
p ro d u c ts  o b ta in e d  i n  th e  r e a c t io n s  s tu d ie d  a r e  t a b u la te d  
i n  T able 7 ,8 ,  and 9»
A. A d d itio n  R ea c tio n s  Y ie ld in g  1 ,2 -A d d itio n  P ro d u c ts
The r e a c t io n s  f a l l i n g  in to  t h i s  c l a s s i f i c a t i o n  a re  
e p o x id a t io n , m e th y le n a tio n , d iim id e  r e d u c t io n ,  h y d ro - 
b o r a t io n ,  and c a t a l y t i c  h y d ro g e n a tio n , a l l  o f  w hich a re
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P ro d u c t D i s t r ib u t io n  o f  R e a c tio n s  Y ie ld in g  1 ,2 -A d d itio n  
P ro d u c ts  w ith  c i s , t r a n s - 1 . 5‘-‘D yclodeca5 iene
R eagent M oles/M ole
o f  Diene
% C onversion A d d itio n  P ro d u c ts Rel„% A d d itio n j£ Y ield
1 . m -c h lo ro p e r-  .85 
b e n z o ic  a c id
76 5 -ep o x y cy c lo -
decene
10-15 85-95 81 .5
2 . m ethy lene io d id e  1 
Zn-Cu coup le
>95 b ic y c lo  j8 .1 .Q ] 
u n d ec -5 -en e
3 97 48
3 . d iim id e  ex cess 97 c is - c y c lo d e c e n e , 
ey e lo d ecan e
1 99 73
4» hydrogen , ex cess  
p a llad iu m  c a t a l y s t
93 c is - c y c lo d e c e n e , 
cy c lo d ecan e
19 81 93
5 . d ib o ra n e  2 /9 >90 c is -c y c lo d e c e n e , 
t r a n s - cy c lo d e  c e n e , 
cy c lo d ecan e
14 86 70
TABLE 8
P ro d u c t D i s t r i b u t io n  o f  R e a c tio n s  Y ie ld in g  T ran san n u la r  
P ro d u c ts  w i th ~cjs , t r a n s - l« 5 - O v c lo d e c a d ie n e
R eagent M oles/M ole % C onversion  A d d itio n  P ro d u c ts  % Y ie ld
of~D lene ”     “ ----------------
1 . Bromine i n  1 100 l-b ro m o -4 -a c e to x y -  91
















M oles/M ole o f  
Diene
TABLE 8 ( c o n t ’d )
% C onversion  A d d itio n  P ro d u c ts  ^  Y ield
2 . Bromine in  
A c e tic  Acid
2 100 l-b ro m o -4 -a c e to x y -
d e c a l in
91
3 . Lead t e t r a a c e t a t e 1 100 1 , 4 -d ia c e to x y d e c a l in 100
i
4 . Ozone 1 80 a  m onoozonide -
5 . Ozone 2 100 a monoozonide —
O le f in
Cis
TABLE 9
Produc t  D i s t r i b u t i on o f  R ea c tio n s  w ith  c i s -  and
M oles/M ole
f i r :
C is and T rans 
M ix tu re
C is and T rans 
M ix tu re
R eagent
Bromine









A d d itio n  P ro d u c t Y ield
10 .51 .6 -d ib ro m o -
cy c lo d ecan e
I n i t i a l  P ro p . 











c i s  a d d i t io n  r e a c t i o n s .  As Table 7 i n d i c a t e s ,  a d d i t io n  to  
th e  t r a n s  d o u b le  bond p red o m in a n tly  o cc u rs  i n  a l l  o f  th e s e  
r e a c t io n s .  T h is  predom inance was d e te rm in ed  i n  th e  
fo llo w in g  m anner. C is , t r a n s - l ,5 - c y c lo d e c a d ie n e  has s tro n g  
a b s o rp tio n  bands a t  1 0 .2 9  and 14*24 m ic ro n s , c o rre sp o n d in g  
to  th e  t r a n s  and c i s  doub le  bonds, r e s p e c t i v e l y .33 The 
d isa p p e a ra n c e  o f  th e  t r a n s  band i n  th e  a d d i t io n  p ro d u c t, 
b u t no t th e  c i s  band , in d ic a te d  t h a t  th e  t r a n s  doub le  
bond was a t ta c k e d  s e l e c t i v e l y .
1 . E p o x id a tio n
When m -c h lo ro p e rb e n z o ic  a c id  was added to  an  ex cess  
o f  c i s . t r a n s - 1 , 5 -c v c lo d e c a d ie n e . gas  ch ro m ato g rap h ic  
a n a ly s is  o f  th e  r e s u l t i n g  ep o x id e  in d ic a te d  i t  t o  be a 
m ix tu re  c o n ta in in g  85 -9 0 $  o f  th e  t r a n s  o x id e  and 10-15$ 
o f th e  c i s  o x id e . The re a s o n  such  a la r g e  u n c e r ta in ty  
i n  p ro d u c t d i s t r i b u t i o n  e x i s t s  i s  t h a t  some o f  th e  epox ide 
was p y ro ly sed  on th e  gas  ch ro m ato g rap h ic  colum n, cau s in g  
poor r e s o lu t io n .
T his s e l e c t i v i t y  to w ard s  th e  t r a n s  do u b le  bond was 
a l s o  found f o r  th e  e p o x id a t io n  o f  c i s , t r a n s , t r a n s - 1 .5 .9 -  
c y c lo d o d e c a tr ie n e  w ith  one mole o f  b en zo y l p e r o x id e .3^
When two m oles o f p e ro x id e  w ere added t o  th e  t r i e n e , th e  
r e a c t io n  was no lo n g e r  s e l e c t i v e , i . e . , th e  d ie p o x id e  
p ro d u c t was n o t e x c lu s iv e ly  th e  t r a n s , t r a n s  isom er b u t 
r a t h e r  a m ix tu re  of. t r a n s , t r a n s  and t r a n s , c i s  d ie p o x id e . 
T h is  lo s s  o f  s e l e c t i v i t y  may be due to  th e  s t r a i n  i n  th e  
tw e lv e  membered r in g  when two t r a n s  epoxy g roups a re  
in t ro d u c e d .
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E p o x id a tio n  i s  a c i s  a d d i t io n  r e a c t i o n  s in c e  th e  
r e a c t io n  w ith  a c i s  o l e f in  y ie ld s  a  c i s  e p o x id e . I t  i s  
ob v io u s  t h a t  th e  oxygen addend must a p p ro a ch  from  one 
s id e ,  s in c e  one atom could  n o t add from  two s id e s .  However 
i t  i s  p o s s ib le  t h a t  th e  a d d i t io n  cou ld  be s te p w is e ,  a l lo w ­
in g  i s o m e r iz a t io n  d u r in g  th e  a d d i t io n .  T hat t h i s  does n o t 
happen i s  ev id en ced  by th e  f a c t  t h a t  a c i s  o l e f i n  y ie ld s  
a c i s  e p o x id e . So th e  a d d i t io n  i s  p ro b a b ly  c o n c e r te d  iv ith  
a sy m m etrica l t r a n s i t i o n  s t a t e .
The m e th y le n a tio n  o f  c i s , t r a n s - 1 ,5 -e y e lo d e c a d ie n e  
w ith  m ethy lene  io d id e  and z in c -c o p p e r  co u p le  i s  h ig h ly  
s e l e c t i v e .  The c y c lo p ro p y l d e r iv a t iv e  i s  97$ t r a n s .  The 
y ie ld  f o r  th e  r e a c t io n  a f t e r  23 h o u rs  was o n ly  43$. T h is  
low y ie ld  was due in  p a r t  t o  th e  c o n v e rs io n  o f  c i s . t r a n s -
1 ,5 -c y c lo d e c a d ie n e  to  d iv in y lc y c lo h e x a n e , a th e rm a l 
d eco m p o s itio n  p ro d u c t.  M e th y len a tio n  has  b een  r e p o r te d  
to  be s e l e c t i v e  f o r  c i s . t r a n s . t r a n s - 1 . 5 , 9 -c y c lo d o d e c a -  
t r i e n e ,  th e  t r a n s  doub le  bond r e a c t in g  p r e f e r e n t i a l l y . ^
The fo rm a tio n  o f  c y c lo p ro p y l compounds by t h i s  method 
was a t  f i r s t  th o u g h t t o  in v o lv e  th e  p ro d u c t io n  o f  a d iv a le n t  
carbon  s p e c ie s .  There i s  now ev idence  t h a t  th e  r e a c t in g
\ l
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s p e c ie s  i s  an o rg a n ic  m e ta l l ic  compound re se m b lin g  a 
G rignard  r e a g e n t .  Again th e  mechanism i s  c i s  and c o n c e r te d , 
th e  ev id en ce  coming from  th e  s te re o c h e m is try  o f th e  p ro ­
d u c ts  o b ta in e d .
o A
2- D iim ide R ed u c tio n ^
T his r e a c t io n  was found to  be th e  most s e l e c t i v e  o f  
a l l .  The d iim id e  was produced i n  ex cess  by th e  o x id a t io n  
o f h y d raz in e  w ith  a i r ,  w ith  a copper s u l f a t e  c a t a l y s t .
The e x t r a  h ig h  s e l e c t i v i t y  may be due to  th e  f a c t  t h a t  th e  
d iim id e  i s  g e n e ra te d  i n t e r n a l l y  w hich p re v e n ts  l o c a l  h ig h  
c o n c e n tra t io n s  o f  a d d i t io n  r e a g e n t .  The r e a c t io n  p ro g re s s  
was fo llo w e d  by gas chrom atography and was quenched when 
a l l  th e  t r a n s  do u b le  bond had r e a c te d ,  i . e . ,  when gas 
chrom atography showed t h a t  th e  c i s , t r a n s - l ,5 - c y c lo d e c a d ie n e  
was a lm o st a l l  r e a c te d  and t h a t  th e  p ro d u c t was a lm o st 
e x c lu s iv e ly  c i s -c y c lo d e c e n e . The c i s -cy c lo d ecen e  form ed 
was co m p le te ly  f r e e  o f  th e  t r a n s  iso m er. There was ab o u t 
1% o f  cy c lo d ecan e  form ed. The h ig h  s e l e c t i v i t y  o f  t h i s  
r e d u c t io n  makes i t  v e ry  u s e fu l  i n  th e  p ro d u c tio n  o f pure  
c i s - c y c lo d e c e n e . The mechanism o f d iim id e  a d d i t io n  was 
shown to  be c i s  i n  th e  I n tr o d u c t io n .  T his r e a c t io n  was 
re p o r te d  to  be s e l e c t iv e  w ith  c i s , t r a n s . t r a n s - 1 . 5 . 9 -c v c lo -  
d o d e c a tr ie n e  a l s o ,  t r a n s  double  bond b e in g  red u ced  p r e ­
f e r e n t i a l l y .  32 
k ‘ H y d ro b o ra tio n
The r e a c t io n  o f c i s , t r a n s - l ,5 - c y c lo d e c a d ie n e  w ith  
d ib o ra n e  was a l s o  s tu d ie d  w ith  r e s p e c t  to  i t s  v a lu e  a s  
a s y n th e t ic  t o o l .  However t h i s  r e a g e n t was n o t a s  s e l e c t i v e
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as  th e  d i im id e .  When th e  a lk y lb o ra n e  was h e a ted  w ith  
ex cess  p ro p io n ic  a c id  th e  p ro d u c ts  o b ta in e d  were c i s -  and 
tra n s -e y e lo d e c e n e  and cy c lo d ecan e  i n  th e  p ro p o r t io n s  
8 6 :1 1 :3 . The y ie ld  o f p ro d u c ts  was 70%. The r e a c t io n  of 
d ib o ra n e  w ith  o l e f in s  i s  a c i s  a d d i t io n  r e a c t io n ,  i n v o l - ’ 
v in g  a f o u r - c e n t e r  t r a n s i t i o n  s t a t e . ^  The a lk y lb o ra n e
V 'c  H V — H
+■ B2H6 ----2> ! I — |
C B— C— 0 -
l\ n / \
p ro d u c t form ed by r e a c t in g  d ib o ra n e  to  ex cess  cy c lo d e ca d ien e  
o r cy c lo d ecen e  i s  a d ia lk y lb o ra n e  r a t h e r  th a n  th e  t r i ­
a lk y  lb o ra n e  o b ta in e d  w ith  m ost o l e f i n s .  Cyclohexene i s  
a n o th e r  o l e f i n  w hich  does n o t form  a t r i a l k y  lb o ra n e  
The re a s o n  f o r  th e s e  o l e f in s  fo rm in g  o n ly  d ia lk y lb o ra n e s  
i s  th e  s t e r i c  s t r a i n  t h a t  would be in tro d u c e d  w ith  th e  
t h i r d  a lk y l  g ro u p .
The s t r u c t u r e  o f  th e  c y c lo d ec y lb o ra n e - was n o t d e t e r ­
mined by  a d e g ra d a t iv e  s tu d y  o f  th e  a lk y lb o ra n e  p ro d u c t.
I t  i s  th e  c o n c lu s io n  drawn from  th e  f a c t  t h a t  when s u f ­
f i c i e n t  d ib o ra n e  had been g e n e ra te d  to  form  t r i c y c lo d e c y l -  
borane w ith  a l l  th e  cy c lo d ecen e  p r e s e n t ,  ap p ro x im a te ly  
o n e - th ir d  o f th e  o l e f i n  rem ained  u n re a c te d . For a norm al 
h y d ro b o ra tio n  r e a c t io n  th e  b a lan ced  e q u a tio n  i s  found 
below .
When m ix tu re s  o f  c i s -  and t r a n s -c y c lo d ecen e  (o b ta in e d
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by e l im in a t io n  o f  j ) - to lu e n e s u lfo n ic  from  c y c lo d e c y l t o s y l a t e )  
were r e a c te d  w ith  d ib o ra n e  (T ab le  9)> th e  r e l a t i v e  amount o f  
t ra n s -c y c lo d e c e n e  i s  seen  to  d e c re a s e ,  i n d ic a t in g  a s e le c ­
t i v i t y  o f  d ib o ra n e  f o r  th e  t r a n s  doub le  bond. An i n t e r e s t ­
in g  r e s u l t  i s  t h a t  in  one case  th e  t o t a l  am ount, n o t j u s t  
th e  r e l a t i v e  p e rc e n ta g e , o f  c i s -c y c lo d ecen e  i s  g r e a te r  a t  
th e  end o f  th e  r e a c t io n  th a n  a t  th e  b e g in n in g . T h is  i s  
due to  th e  f a c t  t h a t  h y d ro b o ra tio n  i s  a  r e v e r s i b l e  r e ­
a c t i o n . - ^  However, i t  cannot be concluded  t h a t  e l im in ­
a t io n  ta k e s  p la c e  i n  su ch  a way as  t o  produce o n ly  c i s -  
cyc lodecene  . When a m ix tu re  o f  90% c i s -  and 10% t r a n s - 
cy c lodecene  was r e a c te d  w ith  d ib o ra n e , th e  amount o f  th e  
t r a n s  isom er in c re a s e d  s l i g h t l y  u n t i l  th e  amount o f  c i s -  
cyc lodecene  was reduced  to  ab o u t t h a t  o f  t r a n s - c y c lo -  
d e c e n e .
An e x p la n a tio n  o f th e  above phenomenon i s  as  f o l lo w s .  
C is-  and t r a n s -c y c lo d ecen e  form  a s in g le  a lk y lb o ra n e .
The r e s u l t i n g  s u b s t i t u t e d  cyclo d ecan e  lias s e v e r a l  d i f f e r ­
e n t co n fo rm atio n s  (as does cy c lo d ecan e  i t s e l f ) . ^  Depend­
in g  on th e  co n fo rm atio n  o f th e  carbon  atom s t o  w hich 
th e  boron and hydrogen a re  co n n e c ted , d i f f e r e n t  o l e f in s
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a re  formed w ith  th e  presum ably  c i s  e l im in a t io n  o f  b o ro n  and 
hydrogen . When th e r e  i s  a la rg e  ex cess  o f c i s - cv c lo d ecen e  
over t r a n s - , more c i s -cy c lo d ecen e  i s  r e a c t in g  and th e  
r e v e rs e  r e a c t io n ,  e l im in a t io n ,  cau ses  th e  amount o f  t r a n s -  
cy c lo d ecen e  to  in c r e a s e .  When p re s e n t  i n  ab o u t e q u a l 
am ounts, th e  t r a n s  r e a c t s  p r e f e r e n t i a l l y  c a u s in g  th e  
amount o f  c i s -cy c lo d ecen e  t o  in c re a s e  due t o  th e  e l im in a t io n  
r e a c t io n .
One p o in t c o n f l i c t in g  w ith  t h i s  i n t e r p r e t a t i o n  i s  
t h a t  w ith  c i s , t r h n s - 1 , 5 -c y c lo d e ca d ien e  more th a n  one i s o ­
mer o f cy c lo d e ca d ien e  ( c i s -  and t r a n s - 1 ,4 - .  1 , 5 - ,  and 1 ,6 -  
c y c lo d e c a d ie n e s ) would be expected  w ith  th e . e l im in a t io n  o f  
boron  and hydrogen . These isom ers a re  n o t d e te c te d  by 
gas chrom atography . I t  i s  p o s s ib le  t h a t  th e y  a r e  n o t 
form ed, o r  t h a t  th e y  a re  form ed i n  v e ry  sm a ll  am o u n ts , o r  
t h a t  th e y  a re  formed b u t n o t re so lv e d  on th e  gas  ch rom ato­
g rap h  w ith  th e  columns em ployed.
5• C a ta ly t ic  H ydrogenation
C a ta ly t ic  h y d ro g e n a tio n , l i k e  h y d ro b o ra t io n , was 
s tu d ie d  n o t o n ly  w ith  r e s p e c t  to  th e  s e l e c t i v i t y  o f  th e  
r e a c t io n ,  b u t a ls o  a s  a p o s s ib le  s y n th e t ic  r o u te  t o  pure  
c i s -c y c lo d e c e n e . The s y n th e t ic  p o t e n t i a l  o f  t h i s  r e a c t i o n  
i s  n o t c o m p le te ly  c l e a r ,  a lth o u g h  i t  i s  d e f i n i t e l y  n o t as 
good as  d iim id e  r e d u c t io n .  The r e a c t io n  was u n i n t e n t i o n a l l y  
a llo tte d  t o  p roceed  to o  lo n g . The r e d u c t io n  p ro d u c ts  
o b ta in e d  w ere c i s -cy c lo d ecen e  and cy c lo d ecan e  i n  th e  r a t i o  
7 7 :2 3 . S ince  no tra n s -c y c lo d e c e n e  was o b ta in e d  i t  i s  
p o s s ib le  t h a t  i f  th e  r e a c t io n  had been  s to p p ed  so o n e r  c i s -
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cy c lo d ecen e  m ight have been  th e  o n ly  p ro d u c t. However 
th e  c o n v e rs io n  o f  c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e  was o n ly  
93$, and i t s  p re se n c e  would be u n d e s ir a b le  i n  th e  c i s -  
cy c lo d ecen e  p ro d u c t .  W ith d iim id e  th e r e  i s  a 97$ con­
v e r s io n  o f  th e  d ie n e  w ith  o n ly  1$ o f  cyc lo d ecan e  form ed.
The a d d i t io n  o f  hydrogen i n  t h i s  ex p erim en t i s  61$ to  th e  
t r a n s  d o u b le  bond and 19$ to  th e  c i s .
Doubt has r e c e n t ly  a r i s e n  as  t o  th e  s te r e o c h e m is try  
o f  c a t a l y t i c  h y d ro g e n a tio n . In  some c a se s  th e  a d d i t io n  
o f  hydrogen  i s  c i s  and i n  o th e r  c a se s  t r a n s .  T h is  i s  
due to  th e  s te p w is e  a d d i t io n  o f  th e  hydrogen . However 
th e  a d s o rp t io n  t o  th e  c a t a l y s t  has  been  shown t o  be c i s . ^
C is a d d i t io n  o f  o th e r  r e a g e n ts  s tu d ie d  ta k e s  p la c e  s e l e c ­
t i v e l y  a t  th e  t r a n s  d o u b le  bond i n  c i s , t r a n s - 1 ,5 - c y c l o ­
d e c a d ie n e  . The t r a n s  d o u b le  bond i s  th u s  more r e a d i l y  
a t ta c h e d  t o  th e  c a t a l y s t , and i t  i s  h y d rogenated  s e le c ­
t i v e l y ,  no m a t te r  what th e  o v e r a l l  s te r e o c h e m is try  o f  th e  
h y d ro g e n a tio n  i s .  The s e l e c t i v i t y  depends on th e  a d so rp ­
t i o n  p ro c e s s  b e in g  th e  r a t e  c o n t r o l l in g  s te p  f o r  th e  
h y d ro g e n a tio n .
6 . S e l e c t i v i t y  o f  C is A d d itio n
S im ila r  r e s u l t s  have been  found f o r  c i s , t r a n s - 1 ,5 -  
c y c lo d e c a d ie n e  and f o r  c i s . t r a n s , t r a n s - 1 , 5 . 9 -cv c lo d o d ec a -  
t r i e n e  when th e y  a re  r e a c te d  w ith  c i s  a d d i t io n  r e a g e n ts .
T rans a d d i t io n  r e a g e n ts  have been  found to  be n o n - s e le c -  
t i v e  tow ard  c i s . t r a n s . t r a n s - 1 , 5 ,9 -c y c lo d o d e c a tr ie n e .  The 
t r a n s  a d d i t io n  r e a c t io n s  w ith  c i s , t r a n s -1 ,5 -c y c lo d e c a d ie n e  
le a d  to  t r a n s a n n u la r  p ro d u c ts .  From th e s e  p ro d u c ts  th e
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s e l e c t i v i t y  o f  i n i t i a l  a t t a c k  i s  n o t e a s i l y  d e te rm in e d . 
However, e x te n s iv e  d e g ra d a tiv e  s tu d ie s  o f  th e  b ro m in a tio n  
r e a c t io n  have led  t o  th e  c o n c lu s io n  t h a t  brom ine does n o t 
s e l e c t i v e ly  a t t a c k  th e  t r a n s  d oub le  bond in  c i s . t r a n s - 1 , 5- 
c y c lo d e c a d ie n e .
The f a c t  t h a t  th e  t r a n s  doub le  bond i s  l e s s  s ta b le  
th a n  th e  c i s  i n  th e  t e n  membered r in g  could  p o s s ib ly  accoun t 
f o r  th e  s e l e c t i v i t y  o f c e r t a i n  r e a g e n ts  f o r  th e  t r a n s  doub le  
bond. But when th e  same s e l e c t i v i t y  i s  found w ith  c i s . t r a n s . 
b r a n s - l , 5 ,9 -c y c lo d o d e c a tr ie n e  where th e  t r a n s  doub le  bond 
i s  p resum ably  more s t a b l e , ,  i t  m ust be concluded t h a t  th e  
s e l e c t i v i t y  i s  no t due t o  th e  r e l a t i v e  s t a b i l i t i e s  o f  th e  
d oub le  bonds b u t r a t h e r  t o  th e  mechanism o f a d d i t io n  o f 
th e  re a g e n t in v o lv e d .
In  th e  t r a n s i t i o n  s t a t e  o f  an  o l e f in  r e a c t in g  w ith  a 
c i s  a d d i t io n  r e a g e n t ,  t h e r e  i s  a d i f f e r e n c e  o f  e n e rg ie s  
due t o  e c l ip s in g  i n t e r a c t i o n s  w ith  th e  c i s  and t r a n s  
o l e f i n s .  The t r a n s i t i o n  s t a t e  o f  a c o n c e r te d , c i s  
a d d i t io n  to  c y c l ic  c i s  and t r a n s  o l e f in s  can  be r e p r e ­
se n te d  by th e  f ig u r e s  below . 11/hen th e  c i s  doub le  bond
i s  a tta c k e d  by a c i s  a d d i t io n  r e a g e n t ,  th e  m utual i n t e r ­
f e re n c e  o f  th e  c i s  o l e f i n  s u b s t i t u e n t s  in c r e a s e s  a s  th e
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bond a n g le s  c o n tr a c t  from  120° In  th e  o l e f i n  tow ard  th e  
t e t r a h e d r a l  a n g le .32 ,42  These two r e f e r e n c e s  su g g e s t 
th a t  th e  norm al t e t r a h e d r a l  a n g le  i s  form ed i n  th e  t r a n ­
s i t i o n  s t a t e .  However th e  t r a n s i t i o n  s t a t e  d o es  no t 
r e p re s e n t  an e c l ip s e d  e th an e  c o n fo rm a tio n , b u t r a t h e r  a 
cy c lo b u tan e  co n fo rm atio n  ( in  th e  ca se  o f  e p o x id a t io n  and 
m e th y le n a tio n  a cy c lo p ro p an e  c o n fo rm a tio n ) , In  a l l  th r e e  
o f th e s e  c a se s  th e  c i s  o l e f i n  s u b s t i t u e n t s  a r e  more h ig h ly  
e c l ip s e d  i n  th e  t r a n s i t i o n  s t a t e  th a n  i n  th e  o l e f i n .
Models show t h a t  th e  e c l ip s e d  e th a n e  would have th e  
g r e a t e s t  e c l i p s in g ,  fo llo w ed  by c y c lo b u ta n e , c y c lo p ro p an e , 
and c i s  a lk e n e , i n  o rd e r  o f  d e c re a s in g  e c l i p s i n g .  T h is 
o b s e rv a tio n  does n o t change th e  argum ent t h a t  s e l e c t i v i t y  
i s  due to  h ig h e r  e c l ip s in g  in  th e  t r a n s i t i o n  s t a t e ,  b u t 
does show t h a t  th e  e c l ip s in g  e f f e c t  i s  n o t a s  g r e a t  as  
s ta t e d  e a r l i e r .
The s e l e c t i v i t i e s  o f th e  fo re g o in g  r e a c t i o n s  a re  
q u i te  h ig h , even th ough  th e r e  was n o t an  e x c e ss  o f  c i s , 
t r a n s -1 ,5 - c y c lo d e c a d ie n e  i n  th e s e  r e a c t i o n s .  The r e l a t i v e  
p ro p o r t io n  o f  a d d i t io n  to  th e  t r a n s  d o u b le  bond would have 
been  even h ig h e r  i f  a la r g e  e x c ess  o f th e  d ie n e  had been 
u se d . When one e q u iv a le n t  o f  a d d i t io n  r e a g e n t  i s  added p e r 
mole o f  d ie n e ,  th e  r e l a t i v e  c o n c e n t r a t io n  o f  c i s  doUble 
bonds becomes much g r e a t e r  th a n  t h a t  o f  th e  t r a n s  doub le  
bonds a s  th e  r e a c t io n  n e a rs  c o m p le tio n , w ith  th e  r e s u l t  
t h a t  more c i s  a d d i t io n  p ro d u c t i s  form ed th a n  would have 
been i f  th e  r e l a t i v e  am ounts o f  c i s  and t r a n s  d o u b le  bonds 
had been  k ep t more i n  l i n e  by u s in g  a la r g e  e x c e ss  o f th e
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d ie n e .
B. R e a c tio n s  Y ie ld in g  T ran san n u la r P ro d u c ts
1 . B rom ination
(a) C is-cy c lo d ecen e
Bromine a d d i t io n  to  cyclodecene  has been  s tu d ie d  
c a r e f u l l y  by S ic h e r  and c o w o rk e r s .^  A t r a n s a n n u la r  
r e a c t io n  i s  r e p o r te d  w ith  c i s - 1 , 6 -d ib rom ocyclodecane 
b e in g  form ed in  17$ y ie ld  from  _ cis-cy clo d ecen e  and t r a n s -  
1 , 6 -d ib rom ocyclodecane b e in g  formed in  25$ y ie ld  from  
t r a n s -c y c lo d e c e n e . No 1 ,2 - a d d i t io n  p ro d u c ts  were o b ta in e d .
I t  was r e p o r te d  t h a t  hydrogen brom ide e v o lu t io n  to o k  p la c e  
d u r in g  th e  r e a c t io n .  The problem  was r e s tu d ie d  u s in g  
v a r io u s  b a se s  (sodium  a c e t a t e ,  p y r id in e , and ca lc iu m  
h y d r id e )  t o  p re v e n t th e  accu m u la tio n  o f hydrogen b rom ide , 
i n  o rd e r  t o  d e te rm in e  i f  th e  1 ,2 -d ib ro m id e  m ight have 
been form ed i n i t i a l l y ,  o n ly  t o  be iso m e rize d  by th e  h y d ro - 
_ g e n  b rom ide . The accu m u la tio n  o f  hydrogen brom ide was 
s to p p e d , b u t th e  t r a n s a n n u la r  p ro d u c t was s t i l l  o b ta in e d .
(b ) C is , t r a n s -1 ,5 - c y c lo d e c a d ie n e
The a d d i t io n  to  c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e  o f  
brom ine in  a c e t i c  a c id  ta k e s  p la c e  i n  such  a  m anner t h a t  
o n ly  one e q u iv a le n t  o f brom ine i s  ta k e n  up when e x c e ss  
brom ine i s  added. The in f r a r e d  spec trum  showed t h a t  b o th  
th e  c i s  and t r a n s  doub le  bonds r e a c te d .  I n f r a r e d  a n a ly s is  
a l s o  showed t h a t  th e  p ro d u c t i s  a bromo a c e ta te  r a t h e r  
th a n  a d ib ro m id e . Gas chrom atography showed t h a t  th e r e  
a re  two m ajor p ro d u c ts ,  n o t co m p le te ly  r e s o lv e d ,  o f  
a p p ro x im a te ly  e q u a l am ounts.
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The bromo a c e ta te  was co n v erted  to  th e  bromo a lc o h o l  
w ith  l i th iu m  aluminum h y d r id e ,  and th e  a lc o h o l  was con­
v e r te d  to  a t o s y l a t e .  T reatm en t o f th e  bromo t o s y l a t e  
w ith  l i th iu m  aluminum h y d r id e  y ie ld e d  hydrocarbon  which 
was i d e n t i f i e d  on th e  gas  chrom atograph  by com parison 
w ith  a u th e n t ic  s a m p le s ^  a s  b e in g  92.5% c i s - d e c a l in  and 
7 .5%> t r a n s - d e c a l i n .
What i s  th e  s ig n i f i c a n c e  o f  t h i s  p ro d u c t d i s t r i b u t i o n ?  
F i r s t  o f  a l l  th e  f a c t  t h a t  d e c a l in  i s  formed i s  s i g n i f i ­
c a n t .  A p r i o r i  i t  i s  p o s s ib le  t h a t  p e rh y d ro azu len e  cou ld  
have been form ed o r  even b ic y c lo  £ 6 .2 . Cfj d ecan e , depend ing  
upon where th e  i n i t i a l  a t t a c k  and th e  e le c t r o n  m ig ra tio n  
to o k  p la c e .  The f a c t  t h a t  d e c a l in  i s  form ed means t h a t  
i n i t i a l  a t t a c k  i s  e i t h e r  a t  th e  2 o r th e  5 p o s i t io n  and 
th e  e l e c t r o n  m ig ra t io n  m ust r e s u l t  i n  th e  fo rm a tio n  o f 
a bond betw een carb o n  number 1 and carb o n  number 6 .
The r e l a t i v e  am ounts o f  92.5% c i s -  and 7-5% t r a n s - 
d e c a l in  do n o t acco u n t f o r  th e  f a c t  t h a t  two p ro d u c ts  o f  
a p p ro x im a te ly  th e  same amount a r e  th e  m ain r e a c t io n  p ro ­
d u c ts .  S tudy o f  m odels r e v e a l  t h a t  fo u r  iso m ers  o f  1 - 
b ro m o -4 -ace to x y  d e c a l in  can  e x i s t :  c i s - l-b ro m o -4 -a c e to x y -
c i s - d e c a l i n , c i s - l-b ro m o -4 -a c e to x y - t r a n s - d e c a l in ,  t r a n s - 1 -  
b ro m o -4 -a c e to x y -c i s - d e c a l i n ,  and t r a n s - l-b ro m o -4 -a c e to x y -
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t r a n s - d e c a l in .  The p ro d u c t fromed depends upon th e  
c o n f ig u ra t io n  o f  th e  c i s , t r a n s - l ,5 - c y c lo d e c a d ie n e  a t  th e  
tim e o f i n i t i a l  a t t a c k .
Table 10 shows th e  r e s u l t  o f  t h i s  c o n f ig u r a t io n a l  
s tu d y . The way th e  cy c lo d ec ad ie n e  m odel i s  r e p re s e n te d  
in  Table 10 i s  a s  fo llo w s .  F i r s t  o f  a l l  th e  m o lecu le  i s
b e in g  examined from  th e  end on w hich th e r e  a r e  f o u r  ca rb o n  
atom s s e p a ra t in g  th e  d o u b le  b o n d s , w i th  th e  c i s  d o u b le  bond 
on th e  r i g h t  and t r a n s  doub le  bond on th e  l e f t ,  a s  i l l u -  • 
s t r a t e d  above . The f i r s t  two colum ns o f  T able 10 r e f e r  
to  th e  d i r e c t io n  o f  th e  p i - c lo u d s  i n  v a r io u s  c o n f ig u r ­
a t i o n s .  Each o f  th e s e  p i -c lo u d  a rran g em en ts  can  be a t t a in e d  
in  two w ays, each  way d ep en d in g  upon w h eth er th e  hydrogens 
a t ta c h e d  t o  th e  t r i g o n a l  c a rb o n s  a r e  "up" from  th e  p lan e  
o f th e  r in g  o r  "down” from  th e  p la n e  o f  th e  r i n g .  These 
p o s s i b i l i t i e s  a re  ta b u la te d  i n  colum ns 3 -6 . Columns 7 and
6 t e l l  w hich d e c a l in  i s  form ed upon i n i t i a l  a t t a c k  a t
e i t h e r  a c i s  o r  a t r a n s  do u b le  bond and a l s o  th e  r e l a t i v e  
p o s i t io n  o f  th e  two s u b s t i t u e n t s  to  e ach  o th e r .  For 
in s ta n c e ,  c i s ; e - e  means t h a t  a 1 ,4 - d i s u b s t i t u t e d  c i s -
d e c a l in  i s  formed and t h a t  th e  s u b s t i t u e n t s  a re  b o th  i n
th e  e q u a to r i a l  p o s i t io n .
The mechanism of th e  r e a c t io n  i s  assumed t o  be a lm o st
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c o n c e r te d . The p ro d u c t formed was a r r iv e d  a t  by g o in g  
th ro u g h  th e  fo llo w in g  seq u en ce . For a t t a c k  a t  a t r a n s  
d o u b le  bond, i t  was assumed t h a t  i n i t i a l  a t t a c k  was a t  
th e  lobe  o f  th e  p - o r b i t a l  o f  carbon  number 5 t h a t  was 
p o in t in g  o u t o f  th e  r i n g .  Form ation  o f  th e  b ic y c l i c  
system  was accom plished  by o v e r la p  o f th e  lo b e s  o f  th e  
p - o r b i t a l s  on carb o n s number 6 and number 1 t h a t  were 
p o in t in g  in to  th e  r in g .  The a c e to x y  group  was a t ta c h e d  
a t  th e  p o s i t io n  o f th e  lo b e  o f  th e  p - o r b i t a l  on ca rb o n  
number 2 t h a t  was p o in t in g  o u t o f  th e  r in g .  C is a t t a c k  
used  th e  same p r in c ip le  ex c e p t t h a t  i n i t i a l  a t t a c k  was 
a t  carbon  number 2 .
From th e  in fo rm a tio n  i n  T able 10 i t  can be se e n  t h a t  
th e r e  i s  e q u a l chance o f fo rm ing  tnro iso m e rs , c i s - l-b ro m o -  
4 -a c e to x y - t r a n s - d e c a l ln  and t r a n s - l-b ro m o -4 -a c e to x y - c i s -  
d e c a l in .  Gas chrom atography  shoiyed two m ajor p ro d u c ts  
o f e q u a l am ounts. However th e s e  a re  n o t th e  two p ro d u c ts ,  
s in c e  r e d u c t io n  t o  h y d ro carb o n  y ie ld e d  a  m ix tu re  o f  92.5% 
c i s - d e c a l in  and 7 . 5% t r a n s - d e c a l in .  What >' thfeSi, i s  th e  
answ er? I n i t i a l  a t t a c k  a t  th e  c i s  o r  a t  th e  t r a n s  do u b le  
bonds y ie ld s  th e  same p ro d u c t a c c o rd in g  t o  th e  c o n fo r­
m a tio n a l s tu d y  i n  Table 10 . However th e  i l l u s t r a t i o n  
below  shows t h a t  th e r e  a r e  two isom ers o f  t r a n s - l-b ro m o - 
4 - a c e to x y - c i s - d e c a l in . One isom er has th e  hydrogen on 
th e  bromo s u b s t i t u t e d  ca rb o n  t r a n s  t o  th e  hydrogen  on th e  
a d ja c e n t  t e r t i a r y  ca rb o n . The o th e r  isom er has them c i s  
to  each  o th e r .  The fo rm er i s  th e  isom er form ed when 
i n i t i a l  a t t a c k  i s  a t  th e  t r a n s  doub le  bond and th e  l a t t e r
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when i n i t i a l  a t t a c k  i s  a t  th e  c i s  doub le  bond. These two 
isom ers have d i f f e r e n t  p h y s ic a l  p r o p e r t i e s  and th u s  can  be
H OAc
OAs H
re so lv e d  on a gas ch rom atograph . These two iso m ers  m ust 
th e n  be th e  two main p ro d u c ts  o f th e  r e a c t io n  s in c e  th e y  
b o th  y ie ld  c i s - d e c a l in  upon rem oval o f  th e  s u b s t i t u e n t  
g ro u p s. T his means a l s o  t h a t  th e r e  i s  no s e l e c t i v i t y  
o f  a t t a c k  a t  th e  t r a n s  doub le  bond. T his e x p la n a tio n  i s  
su p p o rted  by th e  f a c t  t h a t  a c e to x y la t io n ,  w hich w i l l  be 
d isc u s s e d  n e x t ,  y ie ld s  o n ly  one 1 ,4 -d ia c e to x y d e c a l in .
In  a c e to x y la t io n  b o th  s u b s t i tu e n t s  a re  th e  sam e, so  t h a t  
th e  same p ro d u c t i s  o b ta in e d  w hether i n i t i a l  a t t a c k  i s  
a t  th e  c i s  o r  a t  th e  t r a n s  doub le  bond.
2 . A c e to x y la tio n  ’
The r e c e n t  r e p o r t  o f  C o p e^  t h a t  th e  r e a c t io n  o f  
c y c lo o c te n e  w ith  le a d  t e t r a a c e t a t e  le a d s  to  a la r g e  amount 
o f  1 ,4 -d ia c e to x y  p ro d u c t su g g ested  th e  p o s s i b i l i t y  t h a t  
t h i s  r e a g e n t would a l s o  g iv e  t r a n s a n n u la r  p ro d u c ts  w ith  
c i s , t r a n s - 1 . 5 -c v c lo d e c a d ie n e . The mechanism o f  th e  r e a c t i o n  
has been shown to  be i o n i c ,  and a b rid g e d  in te rm e d ia te  has 
been p r o p o s e d .^
The r e a c t io n  w ith  c i s , t r a n s - 1 . 5 -cy c lo d e c a d ie n e  n o t 
o n ly  g iv e s  t r a n s a n n u la r  p ro d u c ts  b u t th e  r e a c t io n  i s  much
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more v ig o ro u s  th a n  t h a t  re p o r te d  f o r  c y c lo o c te n e . Gas
69
PbCOAc)^ HOAc
0  Ac 0  Ac
C
OAc Pb (0  Ac)|j
chrom atography  shows o n ly  one p ro d u c t form ed and th e  i n f r a ­
re d  sp ec tru m  shows t h a t  b o t th e  c i s  and th e  t r a n s  do u b le  
bonds r e a c t  a f t e r  o n ly  one e q u iv a le n t  o f  le a d  t e t r a a c e t a t e  
i s  added . The t r e a tm e n t  o f  1 ,4 -d ia c e to x y d e c a l in  w ith
l i th iu m  aluminum h y d r id e  p roduces an  a lc o h o l  whose sp ec tru m
53re se m b le s  t h a t  o f  1 , 4 -d ih y d ro x y -c l s - d e c a f in .
The mechanism o f  th e  t r a n s a n n u la r  a d d i t io n  o f  le a d  
t e t r a a c e t a t e  t o  c y c lo d e c a d ie n e  i s  th e  same as  t h a t  d e p ic te d  
f o r  th e  t r a n s a n n u la r  a d d i t io n  o f  b rom ine . The Pb(OAc)^+ 
s p e c ie s  adds t o  e i t h e r  th e  c i s  o r  t r a n s  do u b le  bond i n  th e  
^ .m anner in d ic a te d  i n  th e  i l l u s t r a t i o n  above . The e le c t r o n s  
from  th e  d o u b le  bond a c ro s s  th e  r in g  p a r t i c i p a t e  to  open 
t h i s  b r id g e d  in te r m e d ia te  and form  a d e c a l in  d e r i v a t iv e .
An a c e ta te  io n  th e n  co m p le tes  th e  t r a n s a n n u la r  a d d i t io n  
a c ro s s  th e  r i n g ,  e i t h e r  b e f o r e ,  a f t e r ,  o r  c o n c u rre n t w ith  
th e  rep la ce m e n t o f  th e  Pb(OAc)^ s u b s t i t u e n t  by OAc.
The r e a c t io n  o f  le a d  t e t r a a c e t a t e  w ith  c y c lo o c te n e  
a t  64° f o r  2 h r s .  g iv e s  o n ly  a  45$ y ie ld  o f  th e  1 ,4 -d ia c e to x y  
p ro d u c t .  When le a d  t e t r a a c e t a t e  was mixed w ith  c i s .t r a n s -
1 ,5 -c y c lo d e c a d ie n e  i n  a c e t i c  a c id ,  th e  le a d  t e t r a a c e t a t e
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im m ed ia te ly  d is s o lv e d  w ith  r e a c t io n  ( le a d  t e t r a a c e t a t e  
i s  o n ly  s l i g h t l y  s o lu b le  i n  a c e t i c  a c id )  and th e  te m p e ra tu re  
ro se  to  about 100°.
What i s  th e  e x p la n a tio n  f o r  t h i s  in c re a s e d  r e a c t i v i t y ?  
With b ro m in a tio n  th e r e  i s  no v i s u a l ly  o b s e rv a b le  in c r e a s e  
in  r e a c t i v i t y  when c i s t t r a n s - l ,5 - c y c lo d e c a d ie n e  i s  used  
in s te a d  o f  a monoene. T h is i s  b ecau se  th e  r e a c t io n  i s  v e ry  
ra p id  i n  b o th  c a s e s . W ith a c e to x y la t io n  th e  r e a c t io n  i s  
n o t so ra p id  f o r  a medium r in g  monene b u t i s  r a p id  f o r  
c i s , t r a n s - 1 ,5 - c y c lo d e c a d ie n e . The e x p la n a tio n  i s  p ro b ab ly  
th e  fo llo w in g . The in c re a s e d  r a t e  o f r e a c t io n  i s  accom panied 
by a la r g e  e v o lu tio n  o f  h e a t ,  w hich means t h a t  a  much more 
s ta b le  system  i s  p re s e n t  i n  th e  p ro d u c ts  th a n  i n  th e  r e a c ­
t a n t s .  The o n ly  change t h a t  o cc u rs  i n  t h i s  r e a c t io n  t h a t  
d o es  no t occur i n  th e  r e a c t io n  w ith  c y c lo o c te n e  i s  thfej 
fo rm a tio n  o f a  b ic y c l ic  compound. From th e  s tu d y  o f th e  
b ro m in a tio n  o f  c i s , t r a n s - 1 ,5 -c y c lo d e c a d ie n e  th e  b i c y c l i c  
compound has been  shown to  be a d e c a l in  d e r i v a t iv e .
D eca lin  i s  a f a r  more s t a b l e  compound th a n  c y c lo d e c a n e . 
D eca lin  has norm al d ih e d r a l  a n g le s  w hereas cy c lo d ecan e  
has d ih e d r a l  a n g le s  o f  116-117° w hich  a r e  c o n s id e ra b ly  
d i s t o r t e d  from th e  norm al t e t r a h e d r a l  a n g le  o f  109° 37'*v 
Thus th e r e  i s  c o n s id e ra b le  a n g le  s t r a i n  i n  th e  cy c lo d ecan e  
r in g  w hich i s  n o t p re s e n t  i n  d e c a l in .  When c i s , t r a n s - 1 ,5 -  
cy c lo d ecad ien e  r e a c t s  w ith  a t r a n s  a d d i t io n  re a g e n t  t o  g iv e  
a 1 ,4 - d i s u b s t i t u t e d  d e c a l in ,  th e r e  i s  a  la r g e  r e l i e f  o f  
s t r a i n .
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There i s  more d r iv in g  f o rc e  f o r  t r a n s a n n u la r  e f f e c t s  
in  a d d i t io n  r e a c t io n s  w ith  c i s . t r a n s -1 ,5 -c y c lo d e c a d ie n e  
th a n  w ith  medium r in g  m onoenes. W ith th e  monoenes th e  
d r iv in g  fo rc e  i s  th e  added s t a b i l i t y  due to  th e  fo rm a tio n  
o f  a more s ta b le  carbonium  io n  a c ro s s  th e  r i n g .  W ith 
c i s , t r a n s - l , 5 -c y c lo d e c a d ie n e  t h i s  f a c t o r  is ' p r e s e n t ,  b u t 
th e r e  i s  th e  more im p o rta n t f a c t o r  o f  r e l i e f  o f  s t r a i n .
J .0 O zo n iza tio n
The t r a n s a n n u la r  p ro d u c ts  o b ta in e d  from  b ro m in a tio n  
and a c e to x y la t io n  a re  ex p ec ted  p ro d u c ts  s in c e  th e s e  r e a c t io n s  
p roceed  th ro u g h  io n ic  in te r m e d ia te s .  The a d d i t io n  o f  ozone 
t o  c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e  was d e f i n i t e l y  ex p ec ted  to  
g iv e  a norm al o zo n id e . The norm al mode o f  a d d i t io n  o f  ozone 
i s  th e  i n i t i a l  c is  a d d i t io n  o f  th e  s p e c ie s  w hich  th e n  
r e a r ra n g e s  to  th e  o z o n id e .^  The f a c t  t h a t  ozone a d d i t io n
y ie ld s  t r a n s a n n u la r  p ro d u c ts  i s  b ased  on th e  f a c t  t h a t  th e  
a d d i t io n  o f  e i t h e r  one o r two e q u iv a le n ts  o f  ozone g iv e s  
th e  same p ro d u c t. The in f r a r e d  s p e c t r a  o f  th e  r e a c t io n  
m ix tu re s  a re  i d e n t i c a l ,  show ing t h a t  b o th  th e  c i s  and t r a n s  
doub le  bonds have r e a c te d .  The in f r a r e d  sp ec tru m  o f  th e  
ozone a d d i t io n  p ro d u c t h a s , i n  a d d i t io n  t o  th e  norm al 
o zon ide  ban d s , a s t r o n g  h y d ro x y l a b s o rp t io n  b an d . T reatm ent
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o f  th e  a d d i t io n  p ro d u c t w ith  z in c  in  a c e t i c  a c id  y ie ld s  
a p ro d u c t whose in f r a r e d  spectrum  has th e  c h a r a c t e r i s t i c s  
o f  an a ld eh y d e . The s tro n g  hyd ro x y l band i s  n o t p re s e n t  
i n  t h i s  sp ec tru m . The c a rb o n , hydrogen a n a ly s is  o f  th e  
2 ,4 -d in itro p h e n y lh y d ra z o n e  o f t h i s  a ldehyde in d ic a te s  
t h a t  th e r e  a re  two ca rb o n y l g ro u p s . The tre a tm e n t  o f  th e  
d ic a rb o n y l  compound w ith  d i l u t e  n e u t r a l  perm anganate d id
n o t g iv e  a d ic a rb o x y l ic  a c id  b u t r a th e r  a  p ro d u c t whose 
i n f r a r e d  sp ec tru m  i s  c h a r a c t e r i s t i c  o f  a  h y d ro ca rb o n .
F u r th e r  s tu d ie s  on th e  ozonide by G. F ranzen  have 
shown t h a t  th e  s o lv e n t ,  e th a n o l  and c h lo ro fo rm , r e a c t  w ith
o z o n iz a t io n  i s  i l l u s t r a t e d  below . F u r th e r  a n a ly s is  o f  th e
o zo n id e  p ro d u c t and i t s  r e d u c t io n  p ro d u c t w i l l  r e v e a l  
w h e th e r th e s e  p roposed s t r u c tu r e s  a re  c o r r e c t .  The t r a n s ­
a n n u la r  r o u te  o f  th e  r e a c t io n  i s  w e l l - e s ta b l i s h e d  i n  any 
c a s e .
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th e  in te rm e d ia te  o z o n i d e . ^  a su g g ested  sequence f o r  th e
OH 8
0E1* ° E t
OH 0
CHAPTER I I I  
EXPERIMENTAL
Gas ch ro m ato g rap h ic  a n a ly s e s  w ere c a r r i e d  o u t w ith  
a B arber-C olem an Model 20 in s tru m e n t equ ipped  w ith  a 
hydrogen flam e d e te c to r  and a 100 f t .  c a p i l l a r y  column 
co a ted  w ith  GE-96 s i l i c o n e .  I n f r a r e d  s p e c t r a  w ere o b ta in e d  
w i th  a Beckman IR-5 sp e c tro p h o to m e te r .  C a p i l la r y  m e ltin g  
p o in ts  w ere o b ta in e d  w ith  a  Thomas-Hoover a p p a ra tu s  and 
a r e  u n c o r re c te d . The m ic ro a n a ly s is  r e p o r te d  was perform ed 
a t  L .S .U . by Mr. R. Seab. O z o n iz a tio n  was c a r r ie d  o u t 
w ith  a W elsbach T-23 O zo n a to r.
A. P re p a ra t io n  o f  c is , t r a n s - 1 .5 - C y e lo d e c a d ie n e 3 6
c i s , t r a n s - 1 , 5 -C y clo d ecad ien e  was p re p a re d  from  th e  
c y c lo o lig o m e r iz a tio n  o f  1 ,3 -b u ta d ie n e  and e th y le n e  th ro u g h  
th e  a c t io n  o f n ic k e l  b i s - c y c lo o c ta d ie n e . The s y n th e t i c  
p ro c e ss  i s  shown below .
( i s o b u t y l ) ?A1H
ch^=ch2
1 . P re p a ra t io n  o f  N ick e l A c e tv la c e to n e
A m ix tu re  o f  1 7 .0  g . (0 .175  m ole) o f  n ic k e l  h y d ro x id e , 
3 6 .0  g . (0 .3 6 0 !m ole) o f  a c e ty la c e to n e , and 500 m l. o f  
b en ze n e , i n  a 1 1 . f l a s k  equ ipped  w ith  a D ean -S ta rk  w a te r  
t r a p ,  was r e f lu x e d  f o r  one h o u r , d tir in g  w hich tim e  more
73
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
74
t h a n  3 m l. o f  w a te r  was c o l l e c t e d .  A f te r  t h e  s o l u t i o n  
had been  r e f lu x e d  o v e rn ig h t  a  r e s id u e  which rem ained was 
f i l t e r e d  from  th e  deep g re e n  s o l u t i o n .  The r e s i d u e ,  
u n re a c te d  n i c k e l  h y d ro x id e ,  weighed 10 g . ,  c o r re sp o n d in g  
t o  19-4  g . ( 0 .0 7 5  mole) o f  n i c k e l  a c e ty la c e to n e  i n  th e  
benzene s o l u t i o n .  The i n f r a r e d  spec trum  o f  th e  benzene 
s o l u t i o n  shows s t r o n g  a b s o r p t io n  a t  6 .3 0 ,  6 .6 0 ,  and 7 .1 5  
m ic ro n s .
2 .  P r e p a r a t io n  o f  N ick e l  C yc looc tad iene
To th e  benzene s o l u t i o n  o b ta in e d  above was added 
40 g .  (0 .43  mole) o f  1 ,5 - c y c l o o c t a d i e n e . ^  The s o l u t i o n  
was p laced  i n  a 3 -n e c k ,  1 1 .  f l a s k ,  equipped w i th  a s t i r r e r  
and an  a d d i t i o n  f u n n e l .  The f l a s k  was f lu s h e d  w i th  n i t r o ­
gen and a s l i g h t  n i t r o g e n  p r e s s u re  was m a in ta in ed  th ro u g h ­
o u t t h e  r e a c t i o n .  The r e a c t i o n  m ix tu re  was th e n  coo led  
i n  an  i c e - w a t e r  b a t h .  Over a two hour p e r io d ,  115 g .  o f  
a  20$ to lu e n e  s o l u t i o n  o f  d i iso b u ty la lu m in u m  h y d r id e  
(0 .1 6 2  mole) was added . The s o l u t i o n  was s t i r r e d  o v e r ­
n ig h t  w h ile  t h e  r e a c t i o n  v e s s e l  was a llow ed t o  warm s lo w ly  
t o  room t e m p e r a tu r e .  I t  was a p p a re n t  a t  t h i s  t im e  t h a t  
a l l  o f  th e  g re e n  c o lo r  o f  th e  s o l u t i o n  had n o t  d i s a p p e a re d .  
The r e a c t i o n  v e s s e l  was a g a in  cooled  and 95 m l. more o f  
th e  d i iso b u ty la lu m in u m  h y d r id e  s o l u t i o n  (0 .103 mole) was 
added . D uring t h i s  a d d i t i o n ,  a  y e llo w  p r e c i p i t a t e  form ed.
The s o l u t i o n  was coo led  t o  - 2 ° ,  and th e  s o l u t i o n  was ta k e n  
o f f  w i th  a f i l t e r  s t i c k .  R e s id u a l  benzene was removed 
from  th e  y e l lo w  p r e c i p i t a t e  by e v a p o ra t io n  w i th  a n i t r o ­
gen s t r e a m .  The y e l lo w  n e e d le s  weighed 7 .3  g .  (0.0233 m o le ) ,
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a y i e l d  of 21.3% o f  n i c k e l  b i s - c y c l o o c t a d i e n e .  No p h y s ic a l  
p r o p e r t i e s  were t a k e n  s in c e  n i c k e l  b i s - c y c lo o c ta d i e n e  
i s  r e p o r te d  t o  be s e n s i t i v e  t o  oxygen.
2* P r e p a r a t io n  o f  c i s , t r a n s - l , 5 - C v c l o d e c a d i e n e ^
The n i c k e l  b i s - c y c lo o c t a d i e n e  o b ta in e d  above was 
p la c e d  i n t o  a n i t r o g e n  f lu s h e d ,  compressed gas c y l i n d e r .  
I n to  th e  c y l in d e r  was poured a p p ro x im a te ly  300 g .  o f  
l i q u i d  b u ta d ie n e ,  and th e  c y l in d e r  was charged  w i th
id
e th y le n e  t o  450 p . s . i .  The c y l in d e r  was a llow ed  t o  
s ta n d  a t  room te m p e r a tu re .  A f t e r  one week th e  p r e s s u re  
i n  th e  c y l in d e r  was o n ly  300 p . s . i . ,  and a  s t r o n g  medium 
r i n g  d ien e  odor was d e te c te d  i n  th e  sm a ll  amount o f  gas 
t h a t  was v e n te d .  A f te r  t h r e e  weeks th e  p r e s s u re  was 
s t i l l  300 p . s . i .  The ex cess  e th y le n e  was b le d  o f f ,  and 
th e  l i q u i d  c o n te n ts  o f  th e  c y l in d e r  were s e p a ra te d  from  
th e  c a t a l y s t  ( a p p a r e n t ly  d e s t ro y e d )  by f i l t r a t i o n .  The 
f i l t r a t e  weighed 433 g .  Gas chrom atography r e v e a le d  t h a t  
c i s . t r a n s -1 ,5 - c y c lo d e c a d ie n e  accoun ted  f o r  77-36% o f  th e  
p r o d u c t .  This  l a r g e  ran g e  i s  due t o  th e  th e rm a l  i n s t a ­
b i l i t y  o f  c i s , t r a n s -1 ,5 - c y c lo d e c a d ie n e  above 7 0 ° ,  where 
i t  i s  co n v er ted  t o  d i v i n y l c y c l o h e x a n e T h e  o p e r a t in g  
c o n d i t io n s  f o r  t h e  gas chrom atograph a re  90° f o r  th e  c o l ­
umn and 150° f o r  t h e  f l a s h  h e a t e r .  The peak i d e n t i f i e d  
as  d iv in y lc y c lo h e x a n e  i s  9.6% o f  th e  sample m ix tu r e .
How much o f  i t  i s  i n  th e  p ro d u c t  i s  unknown, b u t th e  
i n f r a r e d  a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  i s  a  s m a l l  amount 
from  abso rbance  bands a t  6 .1 ,  1 0 .1 ,  and 1 1 .0  m ic ro n s . ^
The o th e r  p ro d u c ts  c o n s i s t  o f  3.6% n - d e c a t r i e n e , 1.2% o f
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c i s , c i s - 1 , 5 - c y c l o o c t a d i e n e . and 8.8% o f  1 , 5 ,9 - c y c l o -  
d o d e c a t r i e n e , m a in ly  t h e  a l l  t r a n s  iso m e r ,  w i th  a l i t t l e  
o f  th e  c i s , t r a n s , t r a n s  iso m e r .
The d iv in y lc y c lo h e x a n e  peak was i d e n t i f i e d  as t h e  
one t h a t  grew tvhen t h e  gas ch rom atograph  was o p e ra te d  
a t  h ig h e r  t e m p e r a tu r e s . The c y c lo o c ta d ie n e  was compared 
t o  an a u th e n ic  sam ple .  The n - d e c a t r i e n e  peak was a s s ig n e d  
on th e  b a s i s  o f  b e in g  r e p o r t e d  as a  b y - p r o d u c t ^  and on 
th e  b a s i s  o f  t h e  ex p e c te d  h ig h e r  v o l a t i l i t y  o f  s t r a i g h t  
c h a in  compounds. The t r a n s . t r a n s , t r a n s - 1 , 5 . 9 - c y c lo -  
d o d e c a t r i e n e  was based on t h e  d i f f e r e n c e  i n  t h e  m e l t in g  
p o in t s  o f  th e  i s o m e r s ,  t h e  a l l  t r a n s  isom er m e l t in g  a t  
34° and t h e  c i s , t r a n s , t r a n s  iso m er m e l t in g  a t  - 1 6 .8 °
The h ig h  b o i l i n g  m a t e r i a l  o b ta in e d  from  th e  d i s t i l l a t i o n  
c o n s i s t e d  o f  a m a t e r i a l  t h a t  was a  s o l i d  above 0 ° .  The 
i n f r a r e d  sp ec tru m  o f  t h e  h ig h  b o i l i n g  m a t e r i a l  co n firm s  
t h i s  predom inance o f  t h e  a l l  t r a n s  c o n f i g u r a t i o n  by t h e  
s t r o n g  a b s o r p t i o n  a t  1 0 .2 9  m ic ro n s  and t h e  f a i r l y  weak 
a b s o r p t io n  a t  t h e  14 .25  m ic ro n s ,  w hich  a r e  peaks  a s s ig n e d  
t o  th e  t r a n s  and th e  c i s  d o u b le  bonds r e s p e c t i v e l y .
The crude c y c lo d e c a d ie n e  was d i s t i l l e d  u nder  vacuum, 
and th e  f r a c t i o n  d i s t i l l i n g  betw een 2 8 .3 °  and 37*5° ( 0 .8  mm.) 
was r e d i s t i l l e d .  The d i s t i l l a t e  c o l l e c t e d  a t  3 0 .6  -  3 3 .2 °  
(0 .9 5  mm.) was 97% pure  by g as  ch ro m ato g rap h ic  a n a l y s i s ,  
c o n ta in in g  abou t 1.5% o f  b o th  low b o i l i n g  and h ig h  b o i l i n g  
i m p u r i t i e s .  The i n f r a r e d  sp ec tru m  showed s t r o n g  ab so rb an ces  
a t  1 0 .2 9  and 14 .24  m ic ro n s ,  c o r re s p o n d in g  t o  t h e  t r a n s  and 
c i s  doub le  bonds r e s p e c t i v e l y .
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B. P r e p a r a t io n  o f  c is -C y c lo d ecen e  from  c i s . t r a n s - 1 . 5-  
~  Cyclodecadiene ;~̂ fKi R ea e tio n  o f  c i s , trans-l . '1P t?ycX o-
■ n t w a M M M B H M N n M n  *  u l Q t w b w i i j u i u u w  t i i r n i t —  an i iin itw B n ii r i f f f iin iwiin T w nn riiiiiiiiiiii in m n i w a i r  i o n ium  i  i i u > : ‘ . w i.  i" " n
a e c a d ie n e  w i th  D i im ia e ^
In  a 5 1 . 3-neck  f l a s k  204 g . (1 .5  m oles)  o f  u n d i s ­
t i l l e d  c i s , t r a n s - 1 ,5 - c y c l o d e c a d i e n e  p ro d u c t  and 441 g .
(7 .5  m oles) o f  85% h y d raz in e  h y d ra te  were d i s s o lv e d  i n  
two l i t e r s  o f  95% e th a n o l .  Copper s u l f a t e  (2 g . )  was 
added; th e  s o l i d  tu rn e d  brown alm ost im m ed ia te ly  upon 
a d d i t i o n .  A ir  was bubbled th ro u g h  th e  r e a c t i o n  m ix tu re  
v ig o ro u s ly  and a condenser was used t o  p re v e n t  t h e  l o s s  
o f  m a t e r i a l  i n  th e  a i r  s t r e a m .  The r e a c t i o n  v e s s e l  was 
immersed i n  a w a te r  b a th  i n  o rd e r  t o  keep  i t  a t  room 
te m p e ra tu re .
The r e a c t i o n  p ro g re s s  was fo llo w e d  by gas  chrom ato­
g raphy . A f te r  6 h r . ,  t h e  r e a c t i o n  was over  90% co m p le te ,  
and a f t e r  8 h r . , gas chrom atography showed a t r a c e  o f  
cyclodecane  and more th a n  95% r e d u c t io n .  A f t e r  t h e  a i r  
s tream .h ad  been s to p p e d ,  th e  r e a c t i o n  m ix tu re  was d i l u t e d  
w i th  2 1 .  o f  w a te r ,  and th e  r e s u l t i n g  s o l u t i o n  tvas 
e x t r a c t e d  w i th  fo u r  400 m l . - p o r t i o n s  o f  p e tro le u m  e t h e r .
The e th e r  e x t r a c t s  were washed w i th  125 m l. o f  2 M hydro ­
c h l o r i c  a c i d ,  th e n  w i th  w a te r .  The e x t r a c t s  were d r i e d  
over magnesium s u l f a t e ,  and th e  s o lv e n t  was removed on 
a  r o t a r y  e v a p o r a to r ,  le a v in g  a r e s id u e  o f  1 4 4 .4  g . ,  a 
73% y i e l d  o f  cy c lo d ecen e . E x t r a c t io n  o f  th e  p ro d u c t  
from th e  a l c o h o l - w a te r  s o l u t i o n  was e v i d e n t l y  in c o m p le te .
The crude p ro d u c t  was d i s t i l l e d  a t  6 .4  mm and th e  m iddle  
c u ts  we r e  r e d i s t i l l e d  tw ic e  on a packed column, w i th  a 
h ig h  r e f l u x  r a t i o .  A s m a l l  c u t ,  d i s t i l l i n g  a t  6 1 .0  -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6 2 .3 °  (5-5 t o  6 .1  mm), was found t o  be 96+% pure c i s - c y c lo -
d ecen e .  Gas chrom atography  showed t h a t  t h e r e  was no t r a n s -
cyc lodecene  and l e s s  th a n  1% o f  cy c lo d ecan e  i n  th e  p ro d u c t .
C. R e a c tio n  o f  c is -C y c lo d e c e n e  w i th  Bromine
1. In  A c e t ic  Acid w i th  Sodium A c e ta te
To a s o l u t i o n  o f  3 .003  g .  (0 .0 2 2 !m o le )  o f  c i s -c y c lo d ecen e
and 2.03 g .  o f  sodium a c e t a t e  i n  50 m l.  o f  a c e t i c  a c i d ,
5*3 g .  o f  bromine (0 .033  mole) i n  50 m l.  o f  a c e t i c  a c id
was added d u r in g  40 m in. The r e a c t i o n  v e s s e l  was coo led
i n  an  i c e - w a te r  b a t h  d u r in g  th e  a d d i t i o n .  The c o n te n t s
were s t i r r e d  f o r  5 m in. more a f t e r  t h e  a d d i t i o n  o f  a l l
o f  th e  brom ine . E v o lu t io n  o f  hydrogen brom ide was n o t
o b se rv e d .  The e x c e s s  bromine was consumed w i th  sodium
t h i o s u l f a t e .  Water (100 m l . )  was added t o  th e  a c e t i c
a c id  s o l u t i o n ,  and th e  r e s u l t i n g  s o l u t i o n  was e x t r a c t e d
4 t im e s ,  each  w i th  50 m l.  o f  p e r t a n e .  The p en tan e  e x t r a c t s
were washed w i th  sodium  b ic a r b o n a te  and t h e n  w i th  w a t e r .
The e x t r a c t s  were d r i e d  o v er  magnesium s u l f a t e  and th e
s o lv e n t  was removed on a  r o t a r y  e v a p o r a to r ,  l e a v in g  6 .0  g .
o f  r e s i d u e .  Some o f  th e  r e s id u e  was a  w h i te  s o l i d ,  so  th e
r e s id u e  was r e c r y s t a l l i z e d  from aqueous m e th an o l t o  y i e ld
0 .682  g .  o f  pure c i s - 1 , 6 -d ib rom ocyc lodecane  (10.5% y i e l d )
w i th  a s h a rp  m e l t in g  p o in t  a t  9 3 ° .  The l i t e r a t u r e  v a lu e  
o 36
i s  93-94 . A p o ta s s iu m  bromide p e l l e t  was made w i th  
th e  1 ,6 -d ib ro m id e  and t h e  i n f r a r e d  sp e c tru m  i n  th e  f i n g e r ­
p r i n t  r e g io n  (1 1 -1 6 .m ic ro n s)  i s  a s  f o l l o w s : 1 1 .30  m ic ro n s ,
medium t o  w eak; 1 1 .9 5 ,  medium; 1 2 .4 6 ,  1 2 .7 4 ,  weak; 1 3 .3 9 ,
13•69 , medium t o  s t r o n g ;  1 4 .2 8 ,  s t r o n g ;  and 1 5 .0 9 ,  medium.
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The l i q u i d  p ro d u c t  (1 .077 g«, .00361 m o le ) ,  r e m a in in g  
a f t e r  rem oval o f  t h e  s o l i d ,  was d i s s o lv e d  w i th  2 g .  o f  
p o ta ss iu m  io d id e  i n  50 m l. o f  m eth an o l,  and t h e  s o l u t i o n  
was r e f lu x e d  o v e r n ig h t .  The r e s u l t i n g  io d in e  s o l u t i o n  
to o k  up 6 .0  ml. o f  0 .1 0  N sodium t h i o s u l f a t e ,  w hich  i s  
e q u iv a le n t  t o  8 .3 $  o f  1 ,2 -d ib ro m o cy c lo d ecan e . A second 
b ro m in a t io n  experim en t y ie ld e d  o n ly  5 .6 $  o f  t h e  1 ,2 -  
d ib ro m id e .  The i n f r a r e d  spec trum  o f  t h e  r e a c t i o n  p ro d u c t  
m ix tu re  i n d i c a t e s  th e  p resen ce  o f  a b ro m o a c e ta te .
2. In  Carbon T e t r a c h lo r id e  w i th  P y r id in e
I n to  a  3 -n e c k ,  500 m l. f l a s k ,  equipped w i th  a s t i r r e r  
and an a d d i t i o n  f u n n e l ,  was pu t 3 .328 g .  (0 .0 2 4 1 !mole) 
o f  c i s -cy c lo d e c e n e  and 1 .95  m l. (0 .0241 mole) o f  p y r id in e  
i n  100 ml. o f  carbon  t e t r a c h l o r i d e .  A s o l u t i o n  5 .3  g„ 
(0 .0362  mole) o f  bromine i n  50 m l. o f  carbon t e t r a c h l o r i d e  
was added i n  45 m in. t o  th e  o l e f i n  s o l u t i o n  w hich  was 
m a in ta in e d  between -15°  and -2 0 ° .  No hydrogen brom ide 
was e v o lv e d .  The s o l u t i o n  was a llow ed t o  warm t o  room 
te m p e ra tu re  d u r in g  an a d d i t i o n a l  hour o f  s t i r r i n g .  Be­
cause  gas chrom atography showed some cyc lodecene  rem a in ed ,  
2 .0  g .  more o f bromine i*as added t o  t h e  s o l u t i o n  a t  -1 0 °  
t o  -1 5 ° .  The p y r id in e -b ro m in e  complex was d e s t ro y e d  w i th  
sodium t h i o s u l f a t e ,  and th e  carbon t e t r a c h l o r i d e  s o l u t i o n  
was washed w i th  w a te r  and d r ie d  over magnesium s u l f a t e .
The s o lv e n t  was removed on a r o t a r y  e v a p o r a to r .  The i n f r a ­
red  spec trum  was n o t  th e  same as  t h a t  o f  th e  p ro d u c t  m ix tu re  
o b ta in e d  when th e  b ro m in a tio n  was ru n  i n  a c e t i c  a c i d .  The 
p ro d u c t  o b ta in e d  from  t h i s  experim ent e x h ib i t e d  v e ry  s t r o n g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3o
a b s o r p t io n s  a t  12 .3  and 13-1 m ic ro n s .  Treatm ent o f  0 .7 7 9  g . 
o f  t h e  p ro d u c t  m ix tu re  w i th  p o tass iu m  io d id e  l i b e r a t e d  o n ly  
a s m a l l  amount o f  i o d i n e .  Treatm ent o f  a n o th e r  p o r t i o n  
o f  th e  p r o d u c t ,  3*240 g . , i n  50 m l. o f  ca rbon  t e t r a c h l o r i d e  
w i th  hydrogen bromide a t  0° had no e f f e c t  on th e  p ro d u c t  
m ix tu re  e x c e p t  t h a t  t h e  t r a c e  o f  p y r id in e  t h a t  rem ained 
was p r e c i p i t a t e d  as  p y r id in iu m  brom ide.
1 ‘ i s  Carbon T e t r a c h lo r id e  w i th  Calcium Hydride
In  a 3 -n e c k ,  200 m l. f l a s k  equipped w i th  a s t i r r e r  
and an a d d i t i o n  fu n n e l  was put 3 .141  g .  (0 .0223  mole) o f  
c i s -c y c lo d e c e n e  i n  100 m l.  o f  carbon  t e t r a c h l o r i d e  a long  
w i th  0 .944  g .  (0 .0223  m ole) o f  ca lc ium  h y d r id e  powder.
The ca lc iu m  h y d r id e  d id  n o t  d i s s o lv e  i n  th e  ca rbon  t e t r a ­
c h lo r id e  b u t was suspended i n  th e  s o l u t i o n .  A s o l u t i o n  
o f 5*5 g .  o f  bromine i n  50  m l. o f  carbon  t e t r a c h l o r i d e  
xiras added d u r in g  one h o u r ,  th e  r e a c t i o n  v e s s e l  b e in g  m ain­
t a in e d  a t  -1 0 °  th ro u g h o u t  th e  a d d i t i o n .  The e x cess  bromine 
d is a p p e a re d  as  t h e  f l a s k  was warming t o  room te m p e ra tu re .
When th e  r e a c t i o n  f l a s k  was opened, hydrogen bromide came 
ou t p r o f u s e l y .  Gas chrom atography showed no rem ain in g  
o l e f i n .  The ca lc iu m  h y d r id e  was removed by f i l t r a t i o n ,  
and th e  s o l u t i o n  tvas washed w i th  w a te r  and d r ie d  over  
magnesium s u l f a t e .  The carbon  t e t r a c h l o r i d e  was removed 
on a  r o t a r y  e v a p o r a to r .  The ca lc ium  h y d r id e  p a r t i c l e s ,  
w hich appeared  t o  have become co a ted  w i th  ca lc iu m  brom ide , 
may have become d e a c t i v a t e d  and in c a p a b le  o f  removing 
hydrogen b rom ide . The i n f r a r e d  spec trum  o f  t h e  l i q u i d  
r e a c t i o n  p ro d u c t  was i d e n t i c a l  t o  t h a t  o b ta in e d  when
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p y r id in e  was used i n s t e a d  o f  ca lc ium  h y d r id e ,  
it* W ith Bromine- p y r id in iu m  Hydrogen S u l f a t e
J u s t  b e f o re  u s e ,  a  s o l u t i o n  c o n ta in in g  0 . OS m ole’ o f ’b r o ­
mine was p r e p a re d .  The s o l u t i o n  c o n ta in e d  1 2 .S g .  o f  
b rom ine , 1 2 . S g .  o f  p y r id i n e ,  16 m l.  o f  c o n c e n t r a te d  
s u l f u r i c  a c i d ,  50 m l. o f  c h lo ro fo rm , and enough a c e t i c  
a c id  t o  b r in g  th e  t o t a l  volume t o  ISO m l.
To a s o l u t i o n  o f  2 .7 6 9  g .  (0 .0200  mole) o f  c i s - c y c l o ­
decene i n  50  m l. o f  ch lo ro fo rm  was added i n  15 m in . ,  45 ml. 
o f  t h e  b ro m in a t in g  s o l u t i o n  (0 .0 2  mole) p rep ared  ab o v e .
The r e a c t i o n  v e s s e l ,  a 3 -n e c k ,  300 m l. f l a s k ,  was co o led  
i n  an i c e - w a t e r  b a th  d u r in g  t h e  a d d i t i o n .  When a l l  t h e  
bromine had been  added , t h e  s o l u t i o n  was a llow ed t o  warm 
up . There was a l i g h t  g re e n  c o lo r  t o  t h e  s o l u t i o n .  The
r e a c t i o n  m ix tu re  was d i l u t e d  w i th  100 m l.  o f  w a te r ,  and
e x t r a c t e d  t h r e e  t i m e s ,  each  w i th  50 m l. o f  p e tro le u m .
The e x t r a c t s  were washed w i th  w a te r ,  sodium b ic a r b o n a te  
s o l u t i o n ,  and w a te r  a g a in .  The e x t r a c t s  were d r i e d  o v e r  
magnesium s u l f a t e ,  and th e  s o lv e n t  was removed on a  r o t a r y  
e v a p o r a to r .  A s m a l l  sam ple ,  a p p ro x im a te ly  1 g . ,  o f  th e  
l i q u i d  r e s i d u e  was t r e a t e d  w i th  p o ta ss iu m  io d id e  i n  : 
m e th an o l .  A f te r  s e v e r a l  h o u rs  o f  r e f l u x i n g , o n ly  a  s m a l l
amount o f  io d in e  was l i b e r a t e d ;  5 m l. o f  0 .1  N sodium
t h i o s u l f a t e  was r e q u i r e d  f o r  t i t r a t i o n .  T h is  r e s u l t  c o r ­
re sp o n d s  t o  l e s s  t h a n  10$ o f  a  1 ,2 -d ib ro m id e .
D. R e a c t io n  o f  c i s , t r a n s - 1 , 5-C y c lo d ecad ien e  w i th  Bromine-  
F F r a m u i T H f d r o g e b  S u l f a t e  ------------    —
The s tu d y  o f  t h e  r e a c t i o n  o f  c i s , t r a n s - 1 .5 - c v c l o -
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d ecad ien e  w i th  bromine in v o lv e s  f i r s t  o f  a l l  t h e  a d d i t i o n  
r e a c t i  m, which i s  fo llo w ed  by a s e r i e s  o f  d e g r a d a t iv e  
r e a c t i o n s  chosen t o  r e v e a l  th e  s t r u c t u r e  o f  th e  a d d i t i o n  
p ro d u c t .  The s tu d y  i s  i l l u s t r a t e d  i n  th e  scheme below:
1 . R eac tio n  w i th  Bromine
I n to  two 3 -n eck ,  250 m l. f l a s k s ,  equ ipped  w i th  s t i r r e r s  
and a d d i t i o n  fu n n e ls  were p u t  s e p a r a t e  s o l u t i o n s  o f  c i s , -  
t r a n s - 1 ,5 - c y c lo d e c a d ie n e  (2 .7 2  g . ,  .020 m ole) i n  c h lo ro ­
form (50 m l . ) .  To one s o l u t i o n  was added 45 m l. (0 .0 2  m o le ) ;  
and to  t h e  o th e r  90 m l. (0 .0 4  mole) o f  th e  b ro m in a t in g  
s o l u t i o n  p rep a red  i n  th e  l a s t  s e c t i o n ,  i n  45 and 90 min. 
r e s p e c t i v e l y .  The s o l u t i o n s  were worked up s e p a r a t e l y  
and a n a la g o u s ly  t o  th e  r e a c t i o n  w i th  c i s - c y c lo d e c e n e .
The i n f r a r e d  s p e c t r a  o f  th e  two p ro d u c t  m ix tu re s  were 
i d e n t i c a l ,  th e  a b s o rp t io n  bands f o r  th e  c i s  and t r a n s  
double  bonds o f  th e  s t a r t i n g  d ie n e  b o th  b e in g  a b s e n t .
There i s  a  s t r o n g  c a rb o n y l  band a t  5 .7 9  m ic ro n s .  A n a ly s is  
by gas chrom atography showed two p ro d u c ts  i n  abou t e q u a l  
amounts from each  p r e p a r a t i o n .







jg - to s y l  c h lo r id e
p y r id in e
OTs
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Aluminum Hydride
An e t h e r  s o l u t i o n  o f  0 .152  g . (4 mmoles) o f  l i t h i u m  
aluminum h y d r id e  i n  25 m l.  o f  anhydrous e t h y l  e t h e r  was 
p re p a re d  by r e f l u x i n g  m ix tu re  f o r  1 h r .  i n  a  3 -n e c k ,  100 
m l. f l a s k  equipped w i th  a condenser  w i th  d r y in g  t u b e ,  an 
a d d i t i o n  f u n n e l ,  and a m agne tic  s t i r r e r .  The e t h e r  s o l u t i o n  
( a c t u a l l y  a g ra y  s l u r r y )  was c o o le d ,  and 1 .2  g .  o f  th e  
b ro m o a ce ta te  (5 .2  mmoles) i n  10 m l. o f  e t h e r  was added 
d ropw ise  w i th  s t i r r i n g .  A f te r  a d d i t i o n ,  th e  m ix tu re  was 
r e f lu x e d  f o r  30 min. The r e a c t i o n  v e s s e l  was th e n  coo led  
i n  a w a te r  b a th  w h ile  95$ e th a n o l  was added t o  d e s t r o y  
th e  ex c e ss  l i t h i u m  aluminum h y d r id e .  The a lk o x id e  p ro d u c t  
was th e n  hy d ro ly zed  w i th  1 M h y d r o c h lo r ic  a c i d . P e tro leum  
e t h e r  (50 m l . )  vras added , and t h e  o rg a n ic  l a y e r  was washed 
w i th  w a te r ,  sodium b i c a r b o n a te ,  and w a te r  a g a in .  The 
o rg a n ic  s o l u t i o n  was d r i e d  o v er  magnesium s u l f a t e  and 
c o n c e n t r a te d  by r o t a r y  e v a p o ra t io n  t o  0 .9  g .  o f  r e s i d u e ,  
a  91$ y i e ld  i f  pure bromo a l c o h o l .  The r e s i d u e  was p a r t  
s o l i d  and p a r t  l i q u i d .  I n f r a r e d  a n a l y s i s  showed th e  d i s ­
a p p earan ce  o f  th e  c a rb o n y l  ab so rbance  and th e  p re se n c e  o f  
an  h y d ro x y l  band a t  3 .0 9  m ic ro n s .  Gas chrom atography  
showed two p ro d u c ts  i n  t h e  same p r o p o r t io n  a s  th e  o r i g i n a l  
bromo a c e t a t e .
1 • C onvers ion  o f  th e  l-B rom q-4_-hydroxydecalin  t o  th e  
1 ,41  Br om o^4^ogyIoxyd e c a l i n  “
The bromo a lc o h o l  o b ta in e d  above (0 .9  g . ,  4 .8  mmoles) 
was d i s s o lv e d  i n  10 m l. o f  p y r id i n e .  j> -T o lu en esu lfo n y l  
c h l o r id e  (1 .5  g . , 719 mmoles) was added , and t h e  r e s u l t i n g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
s o l u t i o n  was a llow ed  t o  s ta n d  o v e rn ig h t  a t  room te m p e r a tu re .  
The s o l u t i o n  was d i l u t e d  w i th  100 m l. o f  w a te r  and e x t r a c t e d  
4 t im e s ,  each  w i th  50 m l. o f  p e tro le u m  e t h e r .  The e x t r a c t s  
were washed 3 t im es  w i th  w a te r ,  d r i e d  over magnesium s u l f a t e ,  
and c o n c e n t r a te d  on a  r o t a r y  e v a p o r a to r .  The r e s id u e  o f  
bromo t o s y l a t e  weighs 1 .5  g .
4 .  D e g ra d a tio n  o f  th e  B rom otosy loxydeca lin  t o  D e c a l in  
T e tra h y d ro fu ra n  was d r i e d  i n  t h e  fo l lo w in g  way:
1) s to r e d  over c le a n  sodium f o r  two d a y s ,  2) d i s t i l l e d  
o v er  sodium , 3) t r e a t e d  w i th  l i t h iu m  aluminum h y d r id e  f o r  
t e n  m in u tes  and f i l t e r e d .  The f i l t r a t e ,  w hich was th e n  
u se d ,  s t i l l  c o n ta in e d  a sm a l l  amount o f  w a te r .  A t e t r a -  
h y d r o f u r a n - l i th iu m  aluminum h y d r id e  s l u r r y  was p re p a re d  
by r e f l u x i n g  a m ix tu re  o f  t e t r a h y d r o f u r a n  (25 m l .)  w i th  
l i t h i u m  aluminum h y d r id e  (0 .3 8 0  g . ,  10 mmoles) i n  a  100 
m l. round bottom  f l a s k  equ ipped  w i th  a m agnetic  s t i r r e r  
and a condenser  t o  w hich  was a t t a c h e d  a d ry in g  tu b .  The 
crude  bromo t o s y l a t e  (15 g . ,  4 .4  mmoles) d e s c r ib e d  above 
xvas added t o  th e  h y d r id e  s l u r r y .  The m ix tu re  was r e f lu x e d  
f o r  24 h r . ,  and i t  was th e n  worked up i n  e x a c t l y  th e  same 
manner a s  was used i n  t h e  c o n v e rs io n  o f  th e  bromo a c e t a t e  
t o  th e  bromo a l c o h o l .  When th e  sample was an a ly se d  by gas 
chrom atography  and compared w i th  a u t h e n t i c  s a m p l e s , ^  th e  
low er b o i l i n g  p ro d u c ts  were i d e n t i f i e d  as c i s -  and t r a n s -  
d e c a l i n .  The gas ch rom atograph  showed t h a t  o n ly  a s m a l l  
amount o f  d e c a l i n  was form ed, most o f  th e  b rom otosy loxy­
d e c a l i n  rem a in in g  u n r e a c te d .  The r e l a t i v e  amounts o f  th e
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d e c a l i n s  formed were 7*5$ t r a n s  and 9 2 .5 $  c i s .
E. E p o x id a t io n  o f c i s , t r a n s - 1 ,5 - C y c lo d e c a d ie n e
A s o l u t i o n  o f 1 3 .6  g .  (0 .1  mole) o f  c i s , t r a n s - 1 , 5 -  
c y c lo d ecad ien e  i n  10 ml. o f  e t h y l  a c e t a t e  was p re p a re d  in  
a 200 m l. 3 -neck  f l a s k  equipped w i th  a s t i r r e r  and a  d ro p ­
ping  f u n n e l .  A second s o l u t i o n  o f  17 .2  g .  (85$ a s s a y ,
0 .085 mole) o f  m -c h lo ro p e rb en zo ic  ac id  i n  60 m l.  of e t h y l  
a c e t a t e  was added dropw ise  t o  th e  f i r s t  s o l u t i o n  d u r in g  
30 min. The r e a c t i o n  f l a s k  was coo led  i n  a w a te r  b a th  a t  
25° d u r in g  th e  a d d i t i o n ,  and s t i r r i n g  was co n tin u ed  f o r  5 
min. a f t e r  a d d i t i o n  was com ple te .  Petro leum  e t h e r  (100 m l .)  
was added t o  t h e  r e a c t i o n  m ix tu re  i n  a 500 ml. s e p a r a to r y  
fu n n e l  and th e  s o l u t i o n  was washed 3 t im e s  w i th  sodium 
b ic a rb o n a te  t o  s e p a r a t e  t h e  m -ch lo ro b en zo ic  a c i d .  The 
o rg a n ic  l a y e r  was t h e n  washed w i th  w a te r ,  d r ie d  over 
magnesium s u l f a t e ,  and c o n c e n t ra te d  on a  r o t a r y  ev a p o ra ­
t o r .  The r e s id u e  weighed 1 5 .2  g .  The i n f r a r e d  spec trum  
showed some e t h y l  a c e t a t e  re m a in in g .  The c i s  a b s o r p t io n  
band, a t  14.25 m ic ro n s ,  tvas much s t r o n g e r  th a n  th e  t r a n s  
a b s o rp t io n  band a t  10 .2 9  m ic ro n s .  Gas chrom atography 
shov/ed t h e  epox ide  coming o u t  i n  two s e t s  o f  p e a k s ,  one 
o f  vrhich had t h e  ap p earance  o f  a p y r o ly s i s  p eak .  The f a c t  
t h a t  t h e  two s e t s  o f  peaks a r e  n o t  r e s o lv e d  c o m p le te ly  
made measurement o f  t h e  r e l a t i v e  amounts o f  t h e  c i s  and 
t r a n s  a d d u c ts  d i f f i c u l t .  The b e s t  e x t im a te  i s  85-90$ 
t r a n s -ep o x id e  and 30-15$  e l s - e p o x id e .  D i s t i l l a t i o n  a t
0 .45  mm y ie ld e d  10.5 g .  o f  epox ide  b o i l i n g  from 4 9 -5 0 ° ,  
an 8 1 .5 $  y ie ld  based on th e  amount o f  m -c h lo ro p e rb e n z o ic
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a c id .  Some c i s , t r a n s - 1 . 5 -c y c lo d e c a d ie n e  (3«3 g . ) was 
r e c o v e re d ,  and 1 g .  o f  m a t e r i a l  d id  n o t d i s t i l l .  The 
m a t e r i a l  b a la n c e  i s  99%>.
F. M e th y le n a tio n  o f  c i s , t r a n s - 1 ,5 - C y c lo d e c a d ie n e
I n to  a 150 ml. f l a s k ,  equipped w i th  a m agne tic  s t i r r e r  
and a con d en se r  w i th  d r y in g  t u b e ,  was p u t 3 .6  g .  (0 .1 3 2  g .  
a t . )  o f  z in c -c o p p e r  c o u p l e ^  40  m l. o f  anhydrous e t h e r .  A 
sm a ll  c r y s t a l  o f  io d in e  was added , and th e  s o l u t i o n  was 
s t i r r e d  f o r  t e n  m in u te s .  Then 18 g .  ( .1 3 2  m ole) o f  c i s , 
t r a n s - 1 ,5 - c y c lo d e c a d ie n e  (90% p u re )  and 35 g .  o f  m ethy lene  
io d id e  were added. The r e a c t i o n  m ix tu re  was s t i r r e d  
(m agnetic  s t i r r e r )  and r e f lu x e d  f o r  23 h r . ,  a f t e r  w hich 
tim e th e  w h ite  z in c  i o d id e  and th e  co pper  m e ta l  c o lo r  irore 
q u i t e  a p p a r e n t .  The s o l u t i o n  was f i l t e r e d ;  th e  f i l t r a t e  
was h y d ro ly sed  w i th  1 M h y d r o c h lo r i c  a c id  and d i l u t e d  w i th  
150 ml. o f  w a te r .  The s o l u t i o n  was e x t r a c t e d  w i th  t h r e e  
75 ml. o f  p e tro leu m  e t h e r ,  and th e  e x t r a c t s  were washed 
w i th  w a te r ,  d r ie d  over  magnesium s u l f a t e ,  and c o n c e n t r a te d  
on a  r o t a r y  e v a p o r a to r .  A n a ly s is  by  gas  chrom atography  
showed one p eak , vrith  a  v e ry  s m a l l  s h o u ld e r  ( e s t .  <3%).
Since th e  i n f r a r e d  sp e c tru m  shows t h a t  t h e  c i s  a b s o r p t io n  
band i s  v e ry  s t r o n g  and t h e  t r a n s  band a lm o st n o n - e x i s t e n t ,  
th e  l a r g e r  gas chrom atography peak was a s s ig n e d  t o  th e  
a d d u c t .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  a t  1 .5  mm. gave 6 .1  g .  
b o i l i n g  below 3 3 ° ,  7 .5  g .  from  3 8 -4 0 ° ,  2 .9  g .  from 4 0 -5 2 ° ,  
and 3*8 g . o f  h ig h  b o i l e r s .  By c o n s id e r in g  th e  gas chroma­
togram  o f  each  c u t ,  t h e  y i e l d  o f  b i c y c lo  [ 3 . 1 . Oi u n d e c -5 -  
ene i s  c a l c u l a t e d  t o  be 8 .5  g . ,  a !+&%> y i e l d .  There was
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v e ry  l i t t l e  c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e  re m a in in g .  Gas 
chrom atography showed t h a t  much o f  i t  was c o n v e r te d  t o  
d iv in y lc y c lo h e x a n e .
A 3 -n eck ,  200 m l. f l a s k  was equipped w i th  a  s t i r r e r  
and a d ro p p in g  f u n n e l ;  t h e  f l a s k  was f lu s h e d  w i th  n i t r o g e n ,  
and a s m a l l  f lo w  o f  n i t r o g e n  was m a in ta in e d  th ro u g h o u t  th e  
su b seq u en t r e a c t i o n .  I n to  th e  f l a s k  was p u t  2 7 .2  g .  (0 .2 0  
mole) o f  crude c i s . t r a n s - 1 . 5 -c y c lo d e c a d ie n e  (ab o u t 80$ 
c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e  and 20$ m o s t ly  cy c lo d o d e c a -  
t r i e n e s )  and 1 .9  g .  (0 .05  mole) o f  sodium b o ro h y d r id e  i n  
55 ml. o f  d iglym e (d ie th y le n e  g ly c o l  d im e th y l  e t h e r ) .  A 
s o l u t i o n  o f  9*5 g .  (0 .06?  mole) o f  boron t r i f l u o r i d e  
e t h e r a t e  i n  25 m l. o f  d iglym e was added d u r in g  1 .5  h r .  a t  
room te m p e ra tu re .  The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  
an a d d i t i o n a l  h o u r .  Gas chrom atography r e v e a le d  t h a t  o n ly  
2/3  o f  t h e  c y c lo d e c a d ie n e  had r e a c t e d .  An a d d i t i o n a l
0 .6 0  g .  o f  sodium b o ro h y d r id e  was added t o  th e  s o l u t i o n ,  
and an a d d i t i o n a l  3 .2  g .  o f  boron t r i f l u o r i d e  e t h e r a t e  
i n  10 m l. o f  d iglym e liras added d ro p w ise .  Gas chrom ato­
graphy  showed t h a t  more th a n  90$ o f  th e  c y c lo d e c a d ie n e  
had r e a c t e d .  At t h i s  p o i n t ,  29.5 g .  (0 .4 1  mole) o f  p ro ­
p io n ic  a c id  was added c a u t io u s ly .  The r e s u l t i n g  m ix tu re  
was r e f lu x e d  f o r  2 .5  h r .  P e tro leum  e t h e r  (300 m l) was 
added t o  th e  s o l u t i o n ,  w hich was th e n  washed f i v e  t im e s  
w i th  w a te r  t o  remove th e  p ro p io n ic  ac id  and d ig ly m e .
The p e tro le u m  e t h e r  s o l u t i o n  was d r i e d  o v er  magnesium
G H y d ro b o ra tio n  o f  
l5ubse quenir"Tr e aF; w i thW tH^ropIoHcnfc
-C y c lo d ecad ien e  and
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s u l f a t e ,  and t h e  s o lv e n t  was removed on a r o t a r y  e v a p o r a to r .  
The r e s i d u e  d i s t i l l e d  a t  63-66° (6 ,5  mm.), y i e l d i n g  1 9 .0  g .  
o f  p ro d u c t  w hich gas ch rom atog raph ic  a n a l y s i s  showed t o  be 
86$ c i s - c y c lo d e c e n e .  11$ t r a n s - e y e lo d e c e n e ,  and 3$ c y c lo ­
decane .
H. H y d ro b o ra t io n  o f  t r a n s -  and c is -C y c lo d e cen e  M ixture
The s e l e c t i v i t y  o f  h y d ro b o ra t io n  f o r  th e  t r a n s  doub le  
bond i n  t h e  ten-membered r i n g  was f u r t h e r  s tu d ie d  by
V*- CO
h y d ro b o ra t in g  a  m ix tu re  o f  c i s -  and t r a n s - c y c lo d e c e n e .
T h is  m ix tu re  was o b ta in e d  by th e  fo l lo w in g  r e a c t i o n  seq u en ce .  
F i r s t  c y c lo d e c a n o l  was formed by h y d ro b o ra t in g  c i s - c y c l o ­
decene  and d e s t r o y in g  th e  a lk y lb o ra n e  w i th  b a s ic  p e ro x id e  
s o l u t i o n .  The a l c o h o l  was th e n  co n v er ted  t o  t h e  t o s y l a t e ,  
w hich upon e l i m i n a t i o n  gave a m ix tu re  o f  t r a n s -  and c i s -  
cy c lo d ecen e  i n  th e  r a t i o  3 t o  1 .
i>b 2 h 6  y r ^ Y  ̂ ^ g - t o s y l  c h lo r id
2 ' H2 ° 2 / N c30H p y r id in e
o c o
sp o n ta n e o u s ly OTs
1. P r e p a r a t io n  o f  C y c lo d ecan o l^
A 3 -neck  2 1 . f l a s k  was equipped w i th  a s t i r r e r  and a 
d ro p p in g  f u n n e l .  The f l a s k  was f lu s h e d  w ith  n i t r o g e n ,  and 
a s m a l l  f lo w  o f  n i t r o g e n  was m a in ta in ed  th ro u g h o u t t h e  
h y d r o b o ra t io n .  I n to  th e  f l a s k  was put 69 g. (0 .5 0  mole)
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o f  92$ cyclodecene  (80$ c i s - c y c lo d e c e n e , 12% t r a n s - c y c lo -  
decene , and 8% c y c l o d e c a n e ) ^ ,  9 g* (0 .2 4  mole) o f  sodium 
b o ro h y d rid e  and 800 ml. o f  d ig ly m e . Boron t r i f l u o r i d e  
e t h e r a t e ,  42 .5  g .  (0 .3 0  m o le ) ,  i n  200 m l. o f  d iglym e was 
added d ro p w ise .  The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  an  
hour a f t e r  th e  a d d i t i o n  was co m p le te .  Then 110 m l. o f  3 M 
po tass ium  hy d ro x id e  was added s lo w ly ,  fo l lo w e d  by th e  
a d d i t i o n  o f  72 ml. o f  30$ hydrogen p e ro x id e .  The temp­
e r a t u r e  o f  th e  r e a c t i o n  m ix tu re  r o s e  t o  abou t 35-40° 
d u r in g  t h e  a d d i t i o n  o f  t h e  p e ro x id e .  The r e a c t i o n  m ix tru e  
was f i l t e r e d ,  and th e  f i l t r a t e  was e x t r a c t e d  4 t im e s ,  each  
w i th  150 m l. o f  p e tro le u m  e t h e r .  The e x t r a c t s  were washed 
4 t im es  w i th  w a te r  and d r i e d  o v e r  magnesium s u l f a t e .  The 
s o lv e n t  was removed on a  r o t a r y  e v a p o r a to r ,  and d i s t i l l a t i o n  
y ie ld e d  48 g .  (0 .3 1  m ole, 62$ y i e l d )  o f  c y c lo d e c a n o l ,  b . p .  
75-790 (0 .3  mm.).
2. C onversion o f  C yclodecanol t o  C yclodecy l Tosy l a t e  and__
***" ■■j.ui i i imiiiii iinum.ii umiiin  i  «Enmrjmma a a » B jji^ iiMii'ininiirrimw8 m a g p m  ttnptiumm HOCTniHvffviiaiW w tu tuiiWMJUii K  ^
Subsequent E l im in a t io n  t o  c i s -  and t ra n s -C y c lo d e c e n e  
I n to  a  500 m l. 3-n eck  f l a s k  was p laced  15 g .  (0 .097  
mole) o f  c y c lo d e c a n o l  i n  30 m l. o f  p y r id in e .  To t h i s  
s o lu t i o n  was added 20 g .  (0 .1 1  mole) o f  j> - to lu e n e s u l fo n y l  
c h lo r id e .  D im ethyl s u l f o x id e  (100 m l . )  was added, and th e  
s o lu t i o n  was a llow ed t o  s i t  a t  room te m p e ra tu re  f o r  3 h o u r s .  
The m ix tu re  was th e n  h e a te d  t o  50° f o r  3 h o u rs  t o  speed  up 
th e  e l im in a t io n ,  w hich g a s  chrom atography showed t o  be 
t a k in g  p la c e  a t  a s low  r a t e  b u t  y i e l d i n g  a h ig h  p e rc e n ta g e  
o f  t r a n s - c y c lo d e c e n e . The m ix tu re  was a llow ed  t o  c o o l  t o
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room te m p e ra tu re  and t o  s ta n d  o v e rn ig h t  (10 h r . ) .  P e t r o ­
leum e t h e r  (200 m l .)  was added t o  th e  s o l u t i o n ,  w hich was 
washed w i th  w a te r  u n t i l  gas chrom atography  showed no 
d im e th y l  s u l f o x id e  or p y r id in e  re m a in in g  (ab o u t 6 w a s h in g s ) .  
The p e tro le u m  e t h e r  s o l u t i o n  was d r i e d  o v er  magnesium 
s u l f a t e ,  and th e  s o lv e n t  was removed on a r o t a r y  e v a p o r a to r ,  
le a v in g  1 6 .0  g .  o f  c rude  m a t e r i a l .  D i s t i l l a t i o n  y ie ld e d  
9*9 g .  (77$ y i e l d )  o f  cyc lodecene  w hich gas chrom atography  
showed t o  be 2 7 .5 $  c i s  and 7 2 .5 $  t r a n s .  The i n f r a r e d  
s p e c t r a  o f  t h e  crude m a t e r i a l  and th e  d i s t i l l a t e  a r e  q u i t e  
d i f f e r e n t ,  w hich i n d i c a t e s  t h a t  most o f  t h e  e l i m i n a t i o n  
to o k  p la c e  d u r in g  th e  d i s t i l l a t i o n .  The i n f r a r e d  sp ec tru m  
o f  th e  crude m a t e r i a l  shows th e  p re se n c e  o f  t h e  t o s y l a t e  
group and t h e  absence  o f  t r a n s - c y c lo d e c e n e , w hich a b so rb s  
s t r o n g l y  a t  10 .3  m ic ro n s .  The sp ec tru m  o f  t h e  d i s t i l l a t e  
i s  a com posite  o f  th e  s p e c t r a  o f  c i s -  and t r a n s - c y c lo -  
d e c e n e .
H y d ro b o ra tio n  
The 9 .9  g .  (0 .072  mole) o f  cy c lo d ecen e  o b ta in e d  by 
th e  e l i m i n a t i o n  r e a c t i o n  above was p la c e d  i n  a  250 ml.
3 -neck  f l a s k  equipped w i th  a s t i r r e r  and a d ro p p in g  f u n n e l .  
Sodium b o ro h y d r id e  (0 .567  g . ,  .015 mole) was added t o  th e  
s o l u t i o n ;  t h e  f l a s k  was f l u s h e d .w i t h  n i t r o g e n ,  and a  s m a l l  
n i t r o g e n  f lo w  was m a in ta in ed  th ro u g h o u t  th e  r e a c t i o n .  The 
r e a c t i o n  m ix tu re  was coo led  i n  an i c e - w a t e r  b a t h ,  and 2 . S i  g .  
(0 .020  mole) o f  boron  t r i f l u o r i d e  e t h e r a t e  i n  15 m l.  o f  
d iglym e was added dropw ise  over  a  20 m in. p e r io d .  Gas 
chrom atography  showed t h a t  th e  u n re a c te d  cy c lo d ecen e  was
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61$ c i s  and 39$ t r a n s .
When th e  r e a c t i o n  was r e p e a te d  w i th  a n o th e r  p o r t i o n  
o f  c y c lo d e c e n e ,  s im i l a r  r e s u l t s  were o b ta in e d .  The q u a n t i ­
t i e s  o f  r e a g e n t s  were 6 .2  g .  (45 mmoles) o f  cyc lo d ecen e  
(68$ t r a n s ,  32$ c i s ) ,  0 .1 9  g .  (5 mmoles) o f  sodium b o ro -  
h y d r id e  and 0 .9 7  g .  (3 .07  mmoles) o f  boron t r i f l u o r i d e .
Gas chrom atography showed t h a t  t h e  u n re a c te d  o l e f i n  was 
54$ t r a n s -  and 46$ c i s - c y c lo d e c e n e .
I .  C a t a l y t i c  H ydrogena tion  o f  c i s . t r a n s - 1 , 5 -C yclodecad iene  
I n to  a h y d ro g e n a t in g  b o t t l e  were p u t  27 .2  g .  (0 .2 0  mole) 
o f  c rude  (abou t 80$) c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e , 50 ml. 
o f  a b s o lu te  e t h a n o l ,  20 mg. o f  p a l la d iu m /c a rb o n  c a t a l y s t ,  
and 0 .5  m l. o f  p y r i d i n e . 56 The b o t t l e  was connec ted  t o  
a P a r r  h y d r o g e n a to r , f lu s h e d  w i th  hydrogen, and shaken  
u n d er  a hydrogen p r e s s u re  o f  39 p . s . i .  In  th e  f i r s t  hour 
t h e  p r e s s u re  d ropped 5 p . s . i .  The sh ak in g  was co n tin u ed  
o v e r n ig h t  (18 h r . ) ,  and t h e  t o t a l  p r e s s u re  d rop  f o r  th e  
r e a c t i o n  liras 12 p . s . i .  The c a t a l y s t  was removed by s u c t io n  
f i l t r a t i o n  th ro u g h  a  f i n e  f r i t t e d  g l a s s  f i l t e r .  Gas chroma­
to g ra p h y  showed t h a t  th e  r e l a t i v e  p e rc e n ta g e s  o f  p ro d u c ts  
w ere 77$ c i s - c y c lo d e c e n e , and 23$ cy c lo d ecan e .  No more 
t h a n  a t r a c e  o f  t r a n s -c y c lo d e c e n e  was d e t e c t e d .
J .  O z o n iz a t io n  o f  c i s , t r a n s - 1 , 5 -C yclodecad iene
1 . C a l i b r a t i o n  o f  O zonator
The c o n d i t io n s  f o r  o z o n iz a t i o n  were as  fo l lo w s  f o r  
a l l  th e  o z o n iz a t io n  e x p e r im en ts  r e p o r te d  h e r e .  A Welsbach 
model T-23 O zonator was used  and t h e  f low  gas  was oxygen.
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The p re s s u re  r e g u l a t o r  was s e t  a t  8 p . s . i . ,  t h e  f low  r a t e  
was m a in ta in ed  a t  0 .0 4  cu . f t . / m i n . ,  and th e  v o l ta g e  was 
s e t  a t  $5 v o l t s .
The r a t e  o f  ozone p ro d u c t io n  was de te rm ined  as  f o l lo w s .  
A s o l u t i o n  o f  5 g .  o f  p o ta ss iu m  io d id e  i n  75 m l. o f  w a te r  
was put i n t o  a 150 ml. t e s t  tu b e .  The f i l t e r  s t i c k  d e l i v ­
e r y  tube  was f lu s h e d  w i th  th e  ozone-oxygen s tream  f o r  two 
m inutes and th e n  i t  was immersed i n t o  th e  po tass iu m  io d id e  
s o l u t i o n  f o r  60 s e c o n d s . The s o l u t i o n  was a c i d i f i e d  w i th  
10$ s u l f u r i c  a c id  and t i t r a t e d  w i th  0 .1  N sodium t h i o s u l -  
f a t e .  The s t a n d a r d i z a t i o n  was r e p e a te d  f o r  a  30 s e c .  
tim e p e r io d ,  and th e  r e s u l t s  checked w i th in  1$ . This  
r e s u l t  i s  co n s id e re d  a c c e p ta b le  s in c e  t h e r e  i s  some e r r o r  
i n  th e  ex a c t  t im e  o f th e  o z o n iz a t io n .  The oxygen s tream  
was found to  c o n ta in  1 .63 mole % ozone. The tim e r e q u i re d  
f o r  a d d i t i o n  o f  0 .1  mole o f  ozone a t  th e s e  o p e r a t in g  con­
d i t i o n s  i s  114 min.
2. O z o n iza t io n  o f  c i s , t r a n s -1 ,5 -C y c lo d e c a d ie n e
I n to  a 150 m l. t e s t  tu b e  were p laced  7-5 g .  (0 .55  
mole) o f  c i s , t r a n s - 1 , 5 -c y c lo d e c a d ie n e  (9 2 .5 $  pure) and 20 
ml. each  o f  ch lo ro fo rm  and 95$ e th a n o l .  The t e s t  tu b e  
was immersed i n  Dewar f l a s k  c o n ta in in g  Dry I c e  and a c e to n e .  
The d e l i v e r y  tu b e  was f lu s h e d  f o r  two m inu tes  and th e n  
th e  ozone-oxygen s tream  was bubbled th ro u g h  th e  c y c lo -  
d ecad ien e  s o l u t i o n  f o r  57 min. (0 .05  mole o f o z o n e ) .  The 
s o lv e n t  was removed on a r o t a r y  e v a p o ra to r .  Gas chrom ato­
graphy showed t h a t  about 10$ o f  th e  cy c lo d ecad ien e  had not 
r e a c t e d .  The r e a c t i o n  was r e p e a te d  w i th  e x a c t  q u a n t i t i e s
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on f o r  115 m in u tes  (0 .1  mole o f  o zo n e) .  The i n f r a r e d  
s p e c t r a  o f  t h i s  ozonide and o f  t h e  p re v io u s  one ( h a l f  as  
much ozone added) a re  i d e n t i c a l .  The a b s o r p t i o n  bands 
due t o  b o th  th e  c i s  and t r a n s  doub le  bonds a r e  a b s e n t .
In  a d d i t i o n  t o  th e  u s u a l  ozonide a b s o rp t io n  b an d s , t h e r e  
i s  a s t r o n g  a b s o rp t io n  a t  2 .92  m ic ro n s .  Both p ro d u c ts  
r e a c t  w i th  p o ta ss iu m  io d id e  s o l u t i o n  t o  l i b e r a t e  io d in e .
2* R educ tion  o f  Ozonide o f  c i s , t r a n s - 1 . 5 -C yclodecad iene
The ozon ide  r e s u l t i n g  from  0 .05  mole o f  c y c lo d ecad ien e  
was d i s s o lv e d  i n  50 ml. o f  w a te r  and 50 m l. o f  a c e t i c  a c id  
i n  a 250 ml. e r len m ey er  f l a s k  and s t i r r e d  w i th  a m agnetic  
s t i r r e r .  Zinc d u s t  (10 g) was added, and an  exo therm ic  
r e a c t i o n  to o k  p la c e  im m ed ia te ly .  S t i r r i n g  was co n tin u ed  
f o r  20 m in. The s o l u t i o n  was f i l t e r e d ,  d i l u t e d  w i th  200 m l. 
o f  w a te r ,  and e x t r a c te d  w i th  f o u r  100 m l . - p o r t i o n s  o f  
pe tro leum  e t h e r .  The e x t r a c t s  were washed w i th  w a te r  and 
d r ie d  over  magnesium s u l f a t e .  The s o lv e n t  was removed on 
a  r o t a r y  e v a p o r a to r .  The i n f r a r e d  spec trum  showed th e  
d isa p p e a ra n c e  o f  t h e  hy d ro x y l band and th e  ap p earance  o f  
c a rb o n y l  a b s o r p t io n  (5 .6 0  m ic ro n s )  and a ld e h y d ic  hydrogen 
a b s o rp t io n  (3 .6 6  m ic ro n s ) .  P a r t  o f  t h i s  p ro d u c t  ( 0 .9  g . )  
was t r e a t e d  w i th  1 .2  g . o f  p o ta ss iu m  perm anganate  i n  100 
m l. o f  w a te r .  The s o l u t i o n  was s t i r r e d  f o r  30 m in . ,  and 
th e n  was f i l t e r e d .  The s o l u t i o n  was s t r o n g l y  a c i d i f i e d  
w i th  h y d r o c h lo r ic  a c id  and e x t r a c t e d  w i th  p e tro le u m  e t h e r .  
The s o lu t i o n  was d r ie d  ov er  magnesium s u l f a t e  and th e
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s o lv e n t  was removed on a r o t a r y  e v a p o r a to r .  The i n f r a r e d
spec trum  o f  t h e  p ro d u c t  showed no f u n c t i o n a l  g ro u p ,  b u t
had th e  ap p ea ran ce  o f  a hydrocarbon  sp e c tru m . The r e s t  o f
th e  c a rb o n y l  p ro d u c t  was co n v e r ted  t o  i t s  2 , 4 - d i n i t r o -
pheny lhydrasone  d e r i v a t i v e ,  xvhich upon r e c r y s t a l l i z a t i o n
from 95$ e th a n o l  decomposed a t  9 3 -93° .  A n a l . C a lc ,  f o r
j C, 50• 0 $ J H, 4 .7 $ .  C alc , f o r  *
C, 4 2 .0 $ ;  H, 3 -5 $ .  Found: C, 4 7 .3 $ ; H, 5 .1 $ .
K. A c e to x y la t io n  o f  c i s . t r a n s - 1 .5 - C v c lo d e c a d ie n e
1. R e a c t io n  o f  c i s . t r a n s - 1 . 5 -C v c lo d ecad ien e  w i th  Lead 
“  T e t r a a c e ta te * 8̂
In  a 100 m l. f l a s k  equipped  w i th  a  co n d en se r  was 
p laced  6 .7 0  g .  (0 .5 0  mole) o f  c i s , t r a n s - 1 , 5 - c y c l o d e c a ­
d ie n e  i n  50 m l. o f  a c e t i c  a c i d .  Lead t e t r a a c e t a t e  (2 2 .2  g . , 
0 .0 5  m o le ) was a d d e d , and an e x trem e ly  ex o th e rm ic  r e a c t i o n  
to o k  p la c e  ( th e  te m p e ra tu re  r o s e  t o  95° i n  l e s s  t h a n  a 
m in u te ) .  The r e a c t i o n  f l a s k  was put i n t o  a  w a te r  b a t h  t o  
c o o l .  The s o l u t i o n  was d i l u t e d  w ith  250 m l. o f  w a te r ,  
and th e  s o l u t i o n  was e x t r a c t e d  3 t im es  w i t h  100 m l. o f  
p e tro le u m  e t h e r .  The e x t r a c t s  were washed w i th  w a t e r , 
sodium b ic a r b o n a te  s o l u t i o n ,  and w a te r  a g a i n .  The e x t r a c t s  
were d r i e d  o v er  magnesium s u l f a t e , and t h e  s o lv e n t  was 
removed on a  r o t a r y  e v a p o r a to r .  The i n f r a r e d  s p e c tru m  o f  
th e  r e s i d u e  showed t h a t  b o th  t h e  c i s  and t r a n s  d o u b le  bonds 
had r e a c t e d . The sp ec tru m  i s  c h a r a c t e r i s t i c  o f  an  e s t e r .
The r e a c t i o n  was r e p e a te d  on a 0 .0 2 5  mole s c a l e  w i th  
te m p e ra tu re  c o n t r o l .  The le a d  t e t r a a c e t a t e  was suspended  
in  25 m l. o f  a c e t i c  a c i d . The c y c lo d e c a d ie n e , d i s s o lv e d
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i n  25 m l. o f  a c e t i c  a c i d ,  was added to  th e  s u sp e n s io n ,
th e  te m p e ra tu re  b e ing  m ain ta ined  below 2 0 ° .  By t h e  t im e
th e  a d d i t i o n  was com ple te ,  a l l  b u t  a  t r a c e  o f  t h e  lead
t e t r a a c e t a t e  had d is a p p e a re d .  The r e a c t i o n  m ix tu re  was
s t i r r e d  f o r  an a d d i t i o n a l  2 hours  and th e n  worked up i n
th e  same manner a s  th e  f i r s t  r e a c t i o n .  The i n f r a r e d
sp ec tru m  o f  th e  p ro d u c t  was co m p le te ly  i d e n t i c a l  t o  t h a t
o f  t h e  f i r s t  p ro d u c t .  Gas chrom atography showed o n ly
one peak f o r  th e  r e a c t i o n  p r o d u c t .
2. R educ tion  o f  1 , 4 -D ia c e to x y d e c a l in  w i th  L ith ium
~  ^uminumT H^rTcte
The d i a c e to x y  p ro d u c t (0 .025 mole) from  th e  second 
a c e t o x y l a t i o n  r e a c t i o n ,  i n  50 m l. o f  anhydrous e t h e r ,  
was added d ropw ise  t o  an e t h e r  s l u r r y  (75 m l . )  o f  l i t h i u m  
aluminum h y d r id e  (1 .0  g . ,  0 .026  m o le ) .  A f t e r  t h e  a d d i t i o n ,  
t h e  s l u r r y  was r e f lu x e d  f o r  one h o u r .  The r e a c t i o n  was 
worked up i n  th e  same manner as t h e  o th e r  l i t h i u m  aluminum 
h y d r id e  r e a c t i o n s :  a d d i t i o n s  o f  m ethanol and a c i d ,
e x t r a c t i o n ,  and e v a p o ra t io n  o f  s o lv e n t .  The i n f r a r e d  
sp ec tru m  showed t h a t  t h e  r e a c t i o n  was not c o m p le te .  Some 
c a rb o n y l  a b s o r p t io n  rem ained . There was a  s t r o n g  h y d ro x y l 
band a t  2 .92  m ic ro n s .  The spec trum  (ex cep t f o r  t h e  c a r ­
bony l band) resem bled  th e  spec trum  o f  1 , 4 - d e c a l i n d i o l . ^
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SUMMARY
In  th e  f i r s t  p a r t  o f  th e  d i s s e r t a t i o n  n .m . r .  s p e c t r a  
were seen  t o  be in f lu e n c e d  s t r o n g l y  by e l e c t r o n i c  s u b s t i t ­
u en t  e f f e c t s .  The ch e m ic a l  s h i f t s  o f  th e  s u b s t i t u t e d  
p heno ls  i n  d im e th y l  s u l f o x i d e  a r e  v e ry  w e l l  c o r r e l a t e d  
t o  Hammett’ s  sigma c o n s t a n t s .  T h is  h ig h  c o r r e l a t i o n  i s  
a t t r i b u t e d  t o  th e  i n t e r a c t i o n  betw een th e  s o lv e n t  and 
th e  p h e n o l ic  p ro to n  and t h e  consequen t s u s c e p t i b i l i t y  
t o  s u b s t i t u e n t  e f f e c t s .  I n  t h e  c l a s s i f i c a t i o n  o f  a l c o h o l s ,  
th e  p re se n c e  o f  s t r o n g  e le c t ro n -w i th d ra w in g  g roups c lo se  
t o  th e  hydroxy group c a u se s  th e  absence  o f m u l t i p l i c i t y  ' 
i n  th e  hydroxy p ro to n  re so n a n c e  s i g n a l .
In  th e  second p a r t  o f  th e  d i s s e r t a t i o n  a d d i t i o n  
r e a c t i o n s  o f  c i s , t r a n s -1 .5 - c y c lo d e c a d ie n e  and c i s -  and 
t r a n s - c y c lo d e c e n e  were s t u d i e d .  Cis a d d i t i o n  r e a g e n ts  
were found t o  s e l e c t i v e l y  a t t a c k  th e  t r a n s  doub le  bond 
and t o  y i e l d  normal 1 , 2 - a d d i t i o n  p r o d u c ts .  This  s e l e c t i v ­
i t y  i s  due t o  th e  h ig h  e c l i p s i n g  s t r a i n  i n  th e  t r a n s i t i o n  
s t a t e  when t h e  c i s  d o u b le  bond i s  a t t a c k e d .  The two t r a n s  
a d d i t i o n  r e a c t i o n s  s t u d i e d ,  b ro m in a t io n  and a c e t o x y l a t i o n ,  
y ie ld e d  t r a n s a n n u l a r  p r o d u c t s ,  1 , 4 - d i s u b s t i t u t e d  d e c a l i n s ,  
w i th  no s e l e c t i v i t y  o f  a t t a c k .  O z o n iz a t io n ,  w hich in v o lv e s  
i n i t i a l  c i s  a t t a c k ,  a l s o  y i e l d s  t r a n s a n n u l a r  p ro d u c ts  upon 
rea rra n g e m e n t and r e a c t i o n  w i th  s o lv e n t .
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